This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


at|http  :  //books  .  google  .  com/ 


«OARD  OF  ESTIMATE  AND  APPOSTJONMENT  «38 


THE 

PURIFICATION  OF  SEWAGE  AND  WATER. 


THIRD    EDITION. 


ALL  RIGHTS  RESERVED. 

Copyrighted  in  the  UinTBD  States  op  America,  by  the 

Santtabt  Publishino  Coxpant,  Limited. 


..-'..  o .  ^  0|Hj.^  qfVne  Chief  Enf  ineer 

,7  '  .  / 

^      '  •  •  •  J        ^  ; 

THE 

PUEIFICATION 


SEWAGE  AND  WATER 


BY 

W.  J.  DIBDIN,  F.I.C.,  F.C.S., 

ETC., 

Formerly  Chemitt  and  Superintending  0<u  Examiner  to  the  London  County  Council 
and  the  late  Melroj>oliUin  Board  of  Worht,  from  1882—1897. 


THIRD    EDITION 
REVISED  AND  ENLARGED. 


THE  SANITAET  PUBLISHING  COMPANY,  LIMITED, 
6,  FETTER  LANE,  E.G. 

1903 
lOARO  CF  ESTIMATE  AND  ArPnRTlOfc'V«-v> 

Ofiice  of  the  Chief  Engiiiew  ^^ 


lonix>n: 

FBINTED  BT  0.  F.  BOWOBTH,  OBBAT  NEW  8TBEBT)  B.O. 


(   y  ) 


PREFACE. 


When  the  first  chapters  of  the  present  work  were 
published  in  1896  the  bacterial  principle  of  sewage 
treatment  was  in  its  infancy,  and  many  adverse 
opinions  were  strongly  expressed  as  to  its  merits. 
Still  more  opposed  were  the  views  of  many  when  I 
published  my  first  report  on  the  experiments  on  the 
bacterial  treatment  of  the  London  sewage  at  Barking 
Creek  in  1892;  whilst,  going  still  further  back,  the 
reference  to  the  question  in  my  paper  read  before  the 
Institute  of  Civil  Engineers  in  1887,  some  ten  months 
before  the  Massachusetts  experiments  were  com- 
menced, was  met  with  pronounced  scepticism.  The 
subject,  however,  has  entered^  a  different  phase  at  the 
present  time.  A  Eoyal  Commission  has  been  sitting 
for  about  four  years,  and  has  published  three  Reports, 
with  voluminous  appendices.  Large  numbers  of 
patents  have  been  taken  out  for  various  modifications 
in  detail  working  of  the  essential  principles  originally 
laid  down  for  the  utilisation  of  the  life  processes  of 
bacteria  for  the  destruction  of  sewage  matters,  and 
many  text-books  have  been  written. 

It  was  originally  clearly  defined  that  the  action  of 
the  bacteria  was  necessary  to  effect  purification  of 
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sewage  mattersj  wliether  tins  took  place  in  a  rivcr^  on 
landj  or  in  artificially  constructed  beds.  The  advocates 
for  land  treatment  were  at  first  puzzled  at  this,  and 
the  sellers  of  ^^ oxidising"  agents  stoutly  denied  it; 
but  now  the  truth  of  the  statement  is  admitted,  and^ 
further^  it  is  agreed  that  artificial  bacterial  treatment 
is  more  under  control  than  is  that  on  land  in  a  large 
number  of  instances.  The  results  of  the  extensive 
experiments  carried  out  by  my  successor,  Dr.  Clowes, 
at  Barking  Creek;  and  those  at  Manchester;  Leeds; 
Leicester,  and  elsewhere^  the  official  reports  of  which 
form  a  library  in  themselves,  have  placed  the  subject 
in  a  totally  different  aspect  to  its  former  one  of  a 
tentative  proposition,  and  the  present  and  ultimate 
success  of  the  principle  is  assured. 

Much  confusion  seems  to  have  arisen  with  regard 
to  definitions,  For  instance,  in  the  report  of  the 
bacteriologists  to  the  Royal  Commission  comparisons 
are  made  between  *^Dibdin"  and  "Cameron''  beds. 
Evidently  the  writer  of  the  report  was  unaw^e  that 
those  are  synonymous. 


The  **  Dibdin "  beds  were  first  used  in  connec- 
tion ydih  the  experiments  at  Barking  Creek  and 
Sutton,  and  their  use  is  not  subject  to  patent  rights 
or  other  charge.  As  stated  elsewhere  by  Mr. 
Cameron,  when  he  commenced  his  experiments 
with  septic  tanks  at  Exeter  he  used  beds  similarly 
worked,    taking    that    at    Bai-king    Creek    for    bis 
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example,  which  he  was  perfectly  entitled  to  do.  In 
order  to  make  the  action  of  the  filters  automatic  he 
devised  the  alternating  gear  for  distributing  the 
effluent  on  the  filter  beds  and  giving  the  necessary 
time  of  contact.  Possibly  what  is  meant  is  that 
on  one  of  the  "Barking  Creek,^^  or  "fine  bacteria 
beds,"  or  "contact  beds,"  as  they  are  indifPerently 
called,  an  effluent  from  a  septic  tank  was  treated,  and 
on  another  similar  bed  an  effluent  from  a  coarse- 
grained bacteria  bed  was  turned,  so  as  to  ascertain 
what  effect,  if  any,  the  different  preliminary  treatment 
of  the  sewage  brought  about. 

With  regard  to  the  method  of  working  these  beds 
it  is  satisfactory  to  find  that  the  time  allowed  for 
resting  when  filled  with  sewage,  viz.,  two  hours, 
originally  worked  out  at  Barking  Creek  and  Sutton, 
has  been  invariably  found  to  be  a  fair  average  working 
time  with  all  sorts  and  kinds  of  sewage. 

Much  error  has  also  arisen  as  to  the  method  pro- 
posed and  successfully  adopted  at  Sutton,  Surrey, 
for  the  disposal  of  the  crude  fine  matters  in  suspension 
in  ordinary  domestic  sewage.  It  was  found  that  the 
fine  breeze  beds  at  Barking  Creek,  and  later  those 
tried  at  Sutton,  disposed  effectually  of  some  seven 
grains  of  finely  divided  suspended  matters  per  gallon 
in  the  effluent.  Judging  from  this  result,  I  argued 
that  if  the  coarser  matters  were  kept  off  a  bed  the 
finer  organic  particles  might  be  similarly  treated, 
and  accordingly  suggested  that  a  bacteria  bed  should 
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be  constructed  eimilar  in  character  to  the  fine  beds, 
but  filled  with  a  coarser  gi'ained  material  so  as  to 
ensure  the  admission  into  the  body  of  the  bed  of  the 
fine  particles  of  suspended  matters  left  in  the  sewage 
after  a  process  of  fine  screening.  This  was  accord- 
ingly triedj  and  worked  successfully  with  the  sewage 
of  Sutton,  which  is  a  purely  residential  town*  The 
first  bed  tried  worked  successfully  for  five  years, 
when  it  was  put  out  of  use  in  consequence  of  the 
necessary  re-arrangement  of  the  works  for  the  per- 
manent adoption  of  the  new  system,  in  connection 
with  which  a  detritus  tank  was  employed  to  avoid 
the  necessity  for  screening. 

I  hoped  that  this  original  coarse  bed  would  have 
been  allowed  to  stand  longer,  in  order  to  test  its 
capability  to  completely  restore  it  to  its  full  water 
capacityj  as  was  found  to  be  the  case  with  the  first 
one-acre  bed  at  Barking  Creekj  wliich  had  been 
completely  sludged  up  by  continuous  working  (see 
p,  58)*  Unfortunately  press  of  work  rendered  it 
impossible  for  me  to  continue  to  serve  as  a  member 
of  the  Sutton  District  Council^  and  in  my  absence 
the  bed  was  destroyed  in  connection  with  the  more 
convenient  re-arrangement  of  the  works, 

The  system  of  allowing  the  sewage  to  undergo 
preliminary  decomposition  in  a  tank^  which  was  in- 
troduced by  Cameron  at  Exeter,  and  Scott- Moncrieff 
at  Ashtead,  effects  the  separation  of  the  mineral 
matters  and  the  grosser  solids,  as  was  the  case  in 
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the  precipitation  tanks  at  Barking  Creek,  and  enables 
the  finer  particles  in  suspension,  as  well  as  the  dis- 
solved solids,  to  be  treated  as  on  the  Barking  Bed, 
or  on  various  forms  of  trickling  filters.  It  will  be 
seen  later,  that  in  the  opinion  of  some,  simple 
sedimentation  without  excessive  anaerobic  action  is 
preferable. 

In  the  first  edition  suggestions  were  made  for  the 
guidance  of  those  who  desired  to  try  the  bacterial 
bed  system  of  treating  crude  sewage  after  it  had 
been  properly  screened,  and  the  grit  allowed  to 
deposit.  The  principles  then  laid  down  have  been 
largely  adopted  with  considerable  success,  and  form 
the  foundation  of  the  majority  of  sewage  schemes 
promoted  during  the  past  few  years.  The  employment 
of  old  precipitation  tanks  as  a  preliminary  to  contact 
beds  is  working  on  the  lines  of  the  original  Barking  ex- 
periments, and  they  have  been  found  to  work  efficiently, 
whilst  there  is  no  question  of  expensive  patent  rights. 
If  it  is  desired  to  see  what  can  be  done  by  the  simplest 
means,  with  a  low  capital  and  working  expenditure,  a 
visit  to  the  Worcester  Park  Works  in  Surrey  will  be 
well  repaid.  When  I  took  these  works  in  hand  five 
years  ago,  two  actions  for  injunctions  were  threatened, 
as  they  were  causing  an  intolerable  nuisance.  An 
expenditure  of  about  500/.  put  them  in  order  for 
treating  nearly  100,000  gallons  of  sewage  daily,  and 
produced,  and  still  produces,  one  of  the  finest  effluents 
I  have   seen.     The  means  are  so  simple  that  they 
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form  one  of  tho  most  useful  object  lessons  possible, 
I  wasj  howeverj  given  a  perfectly  free  hand  in  the 
matter^  untrammelled  with  the  preconceived  ideas 
of  others^  nor  with  official  regulations,  and  therefore 
able  to  make  full  use  of  the  natural  advantages  of 
a  siifclay  field. 


The  laborious  and  invaluable  work  of  Lord  Iddes- 
leigh's  CommiBsion  has  brought  into  focus  a  mass  of 
information  as  to  the  actual  results  attained  by  means 
of  the  various  modifications  in  use  for  applying  the 
principle  of  utilising  the  life  processes  of  bacteria  for 
the  destruction  of  refuse  matter.  The  evidence  given 
before  the  Commission  extends  over  544  of  the  cloe^ely 
printed  pages  of  Vol.  n.  of  the  Interim  Repoii;,  and 
embodies  the  experience  of  all  those  whose  names  have 
been  prominently  before  the  public  in  connection  with 
the  subject  of  sewage  disposal.  After  careful  perusal 
of  this  evidence^  which  is  too  extensive  to  be  sum- 
marised without  a  very  complete  analysis  of  the 
various  heads,  a  few  points  crystallise  themselves  out, 
as  it  wercj  before  one's  mind.  For  instance: — (1)  It 
is  clear  that  whilst  efficient  land  treatment  is  held  to 
yield  excellent  results,  there  is  strong  doubt  as  to  the 
wisdom  of  employing  it  solely  under  all  circumstances. 
(2)  That  the  bacterial  principle  is  the  fundamental 
one  underlying  land  treatment,  as  well  as  the  most 
efficient  artificial  method.  (3)  That  bacteria  or  con- 
tact beds  will  efficiently  purify  sewage  cither  with  or 
without  the  preliminary  aid  of  the  anaerobic  action  in 
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either  a  covered  or  uncovered  tank.  (4)  That  the  use 
of  such  tanks  greatly  assists  the  life  of  the  beds  by 
preventing  their  becoming  choked  by  the  accumulation 
of  mineral  and  indigestible  fibrous  matters.  (5)  That 
the  anaerobic  process  may  be  carried  too  far  so  as  to 
interfere  with  the  subsequent  aerobic  action  on  the 
beds  or  land.  See  Mr.  E.  G.  Mawbey's  evidence 
(8244,  8253,  &c.) :  ''  What  I  want  to  bring  out  is  this, 
that  when  we  put  this  septic  effluent  through  a  bed 
and  then  on  to  the  land  it  was  no  better  than  when 
we  put  it  straight  from  the  detritus  tanks  on  to  the 
land.  In  our  experiments  for  clarification  before 
putting  the  sewage  on  to  the  land  we  were  no  better 
oflf  by  using  a  s6ptic  tank  in  addition  to  the  detritus 
tank  before  we  put  it  through  the  first  contact  bed." 
*^  In  fact,  it  was  at  once,  in  a  word,  the  most  successful 
of  all  the  clarifying  systems  to  send  it  through  a 
closed  detritus  tank,  and  then  on  to  a  contact  bed, 
and  then  on  to  the  land.  Now  what  happened  was,  we 
never  had  the  slightest  nuisance  nor  any  fouling  of 
the  grass,  excepting  for  a  distance  of  about  twelve 
yards  from  the  top  feeding  grip  when  we  treated 
sewage  which  had  only  passed  through  the  detritus 
tank  and  the  first  contact  bed."  The  experience  of 
Mr.  Fowler  (8415,  c&c.)  at  Manchester  appeared  to 
agree  with  this  view,  but  not  quite  so  definitely. 
"  Very  probably  you  can  allow  the  septic  action  to 
go  too  far,  that  the  effluent  becomes  foul,  and  it  does 
not  subsequently  oxidise  as  readily."  (8417)  ^'You 
have  told  us  that  your  results  were  obtained  from  a 
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flow  which  would  fill  the  tank  in  twelve  hours.  Is  not 
that  so  ? — YeSj  that  is  bo."  (6)  There  is  a  clear  con- 
sensos  of  opinion  that  results  maj  be  obtained  from 
double  contact  beds  equally  good  to  that  obtainable 
from  land,  and  that  the  beds  are  more  under  control* 
(7)  That  whilst  no  process  yields  a  sterile  effluent,  the 
most  suitable  method  of  approaching  that  end  in 
practice  is  the  final  filtration  of  the  effluent  thiough 
sand  filters  as  used  by  water  companies. 

In  Chapter  X,  of  the  first  edition  of  the  present 
work  I  formulated  a  series  of  *^  suggestions  to  be  con- 
sidered in  the  light  of  a  '  general  idea '  which  should 
*  bo  modified  to  smt  local  conditions.' "  These  were 
shortly  as  follows: — *'As  a  preliminary  it  will  be 
adHsable  to  remove  as  many  of  the  particles  as  possible 
by  mechanical  separation,  by  passing  the  sewage 
through  a  screen  having  as  fine  a  mesh  as  possible — the 
best  and  most  economical  method  yet  remains  to  be 
worked  out — ^tho  more  perfectly  this  is  accomplished 
the  nearer  perfection  we  shall  attain  in  om-  subsequent 
work.'* 

The  experience  of  Mr,  Mawbey  and  others  clearly 
confirms  the  view  that  this  ^*  mechanical  separation" 
can  best  be  carried  out  in  a  detritus  tank  without 
undue  septic  action. 

On  page  130  I  recommended  the  use  of  very  fine 
breeze  or  sand  as  used  by  the  water  companiesj  when 
very  superior  effluents  were  required.  I  further 
pointed  out  on  page  133  that  it  might  be  desirable  to 
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resift  the  whole  of  the  filtering  material  in  time, 
and  that  the  expense  would  not  be  insuperable. 
Mr.  Strachan  in  his  evidence  (Q.  7721)  points  out  that 
as  compared  with  the  cost  of  chemical  treatment,  it 
would  be  profitable  even  to  pay  10^.  per  cubic  yard 
to  renew  the  bacteria  beds  at  the  end  of  three-and-a- 
half  years. 

With  regard  to  this  point  I  am  indebted  to 
Mr.  R.  F.  Grantham,  M.Inst.C.E.,  for  the  following 
particulars  of  the  cost  of  labour  for  emptying  and 
refilling  the  bacteria  beds  at  Alton,  Hants,  where 
about  33  per  cent,  of  the  dry  weather  flow  is  brewery 
refuse.  The  works  were  started  in  1899,  and  after 
three  years'  work  the  filling  material  has  been 
changed.  The  tanks  were  originally  intended  for 
chemical  precipitation,  but  were  adapted  to  bacterial 
treatment.  The  labour  cost  1^.  2d,  per  yard,  or,  say, 
5rf.  per  yard  per  annum.  The  five  beds,  equal 
830  yards,  have  treated  160,000  gallons  daily  plus 
subsoil  leakage.  This  quantity  is  equal  to  over 
200,000  gallons  per  yard,  so  that  5  yards  will  have 
treated  1,000,000  gallons,  the  cost  of  which  for 
renewing  the  material  in  the  beds  from  a  reserve 
supply  would  be  5^.  lOrf. 

Now  I  do  not  want  to  be  misunderstood.  I  quite 
acknowledge  the  value  of  the  work  done  in  a  detritus 
or  a  septic  tank,  and  the  prolonged  life  afforded  to  the 
beds  by  their  use,  but  I  cannot  overlook  the  fact  that 
either  of  these  methods  leads  to  the   collection   of 


xiy 


Preface. 


quantities  of  offensive  sewage  sludge  which  has  to  be 
disposed  of  sooner  or  later.  The  use  of  the  coarse 
bactciia  bed  doesj  as  a  simple  matter  of  fact,  do  away 
completely  with  tlie  sludge  nuisance,  but  it  involves 
an  expense  from  time  to  time  in  taking  out  the  material 
from  the  bodsj  throwing  it  on  a  spoil  bank  for  say 
twelve  months  to  completely  recoverj  and  the  use  of  a 
stand-by  quantity  of  filling  material  to  fill  up  the  beds 
as  may  be  required.  By  this  method  there  is  abso- 
lutely no  sludge  and  no  oflEensive  odours. 

However^  it  is  clear  that  the  consensus  of  opinion 
at  the  present  time  is  in  favour  of  the  use  of  detritus 
or  septic  tanks,  followed  by  either : — (a)  single  contact 
bacteria  beds  and  land,  (b)  double  contact  bacteria 
beds  where  suitable  land  is  unavailablcj  (c)  trickling 
filtration,  or  (d),  when  the  best  possible  effluent 
obtainable  is  required,  double  contact  beds,  and  either 
very  suitable  land  or  fine  sand  beds  as  used  by  water 
companies* 

Much  attention  has  been  devoted  to  the  sprinkling 
of  sewage  over  bacteria  beds  in  which  the  effluent  has 
a  fi-eeway  to  escape  without  the  use  of  valves,  after 
the  method  introduced  by  the  late  CoL  Ducat.  The 
latest  outcome  of  this  work  is  described  in  the  evidence 
of  Coi  Harding  as  the  **  Leeds  filter,''  which  is 
constructed  of  brick  walls  10  ft.  high  and  is  12  ft. 
square,  It  has  at  the  bottom  semicircular  perforated 
pipes,  9  in.  diameter,  but  air  can  only  reach  the  bed 
through  the  6  in,  opening  of  the  outlet  valve  which 
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remains  wide  open.  At  a  point  3  ft.  above  the  ground 
a  +  of  perforated  pipes  is  laid,  and  another  3  ft.  higher. 
Communicating  with  these,  half  brick  openings  are 
maintained  in  the  walls,  with  half  bricks  loosely  put 
in,  so  that  they  can  be  taken  out  to  obtain  samples 
if  necessary.  Although  it  was  considered  that  the 
bottom  of  a  trickling  filter  should  be  complete,  they 
were  anxious  to  try  a  filter  without  side  aeration  at 
all,  for  experimental  purposes,  and  to  be  able  to 
regulate  the  bottom  aeration. 

The  sewage  was  distributed  over  the  surface  by 
means  of  a  sprinkler,  and  the  quantity  of  sewage 
treated  was  at  first  equal  to  a  rate  of  200  gallons  per 
square  yard  per  twenty-four  hours,  and  then  increased 
to  400  gallons  per  square  yard.  The  sewage  passed 
through  the  filter  in  about  three  minutes,  and  gave  a 
purification  of  86 1^  of  albuminoid  ammonia,  and  89^ 
of  oxygen  absorbed,  whilst  the  nitrates  in  the  effluent 
equalled  0*434  grain  of  nitrogen  per  gallon. 

When  speaking  of  the  results  Col.  Harding  said 
(Q.  7396):  ^^  I  think  it  is  practicable  to  devise  automatic 
screening  to  remove  from  the  sewage  the  grosser 
suspended  solids  and  fibres,  which  are  but  very  slowly 
reduced  in  a  filter.  Given  the  satisfactory  removal 
of  these  matters  (which  are  readily  combustible  or 
otherwise  dealt  with,  for  they  are  not  in  the  form  of 
sludge),  I  think  it  is  quite  practicable  to  deal  with 
Leeds  sewage  on  trickling  filters  without  antecedent 
septic  treatment ;  and  I  think  that  possibly  there  will 
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on  this  system  be  a  greater  digestion  of  the  suspended 
solids.  Another  advantage  would  appear  to  be  the 
absence  of  nuisanee  in  consequence  of  limiting  the 
treatment  to  alTobic  action.  As  fresh  sewage  does 
not  stink  J  and  as  its  treatment  on  our  Leeds  beds  is 
maryellously  mpid,  only  requiring  a  few  minutee^  I 
don't  see  how  any  nuisanee  can  possibly  arise ;  while 
with  septic  tanksj  the  septic  effluent  at  least  is 
offensive  J  and,  as  I  found  at  Accrington,  in  summer 
weather  is  liiely  to  cause  a  smelly  while  smell  will 
possibly  arise  from  the  drying  of  the  septic  tank 
sludge,"  (Q,  7398.)  '^  Then,  briefly,  you  prefer 
trickling  filtration  to  contact  filtration,  and  you  don't 
think  that  antecedent  septic  action  is  necessary  for 
trickling  filtration;  indeedj  that  on  the  ground  of 
probable  nuisance  arising,  such  septic  action  is 
objectionable  ? — That  is  my  present  opinion — ^with 
Leeds  sewage." 

It  will  bo  seen  that  the  view  as  to  the  unde-sirability 
of  the  septic  action  previous  to  trickling  filtration 
agrees  with  Mr,  Mawbey's  experience  in  regard  to 
treatment  on  bacteria  bed  and  land. 

In  reply  to  Q.  7461,  Colonel  Harding  said: — "I 
think  in  the  case  of  domestic  sewage  a  septic  tank  is 
almost  necessary  for  the  purpose  of  breaking  up  the 
suspended  solids  into  a  finely  divided  condition.^'  i 

In  connection  with  the  employment  of  open  septic 
tanksj  the  odour  arising  from  these  may  be  prevented 
by  the  use  of  a  layer  of  peat  moss  6  inches  thick, 
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supported  on  tarred  sheep  hurdles  resting  on  any 
conyenient  supports.  This  was  tried,  on  my  sug- 
gestion, at  the  Carshalton  Works,  where  it  has  been 
most  successful  in  completely  stopping  the  nuisance 
from  the  tanks. 

The  trend  of  the  bacteriological  evidence  is  in  the 
direction  of  bacteriological  standards  for  testing  the 
purity  of  effluents.  Unfortunately  the  extensive 
bacteriological  examinations  which  have  been  made 
do  not  seem  to  have  done  more  than  throw  a  certain 
amount  of  light  on  the  actual  work  going  on  in 
bacterial  installations ;  they  have  not  pointed  out  any 
distinctly  new  departure,  but  merely  served  to  indicate 
the  number  and  kind  of  various  organisms  present  in 
sewage  and  effluents,  and  to  show  the  potential  danger 
present  in  all  effluents  from  the  presence  of  pathogenic 
organisms,  a  result  leading  to  the  suggestion  that 
if  possible  some  means  should  be  adopted  for  the 
complete  sterilization  of  all  effluents  before  their  final 
discharge  from  the  outfall. 

It  must  not  be  taken  that  these  few  abstracts  arc 
intended  to  represent  more  than  some  of  the  salient 
points  which  seem  to  fix  themselves  on  one's  mind  as 
being  the  more  material  ones  in  a  host  of  valuable 
suggestions  of  all  sorts  and  kinds.  What  the  ultimate 
decision  of  the  Commission  may  be  it  is  impossible 
to  forecast  with  safety,  but  from  the  information 
available  in  their  official  reports  and  the  cross- 
examination   of  witnesses  it  is  clear  that   bacterial 
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systems  have  "come  to  stay^'^  and  that  the  desn-ed 
result  may  be  secured  by  either  of  several  methods  of 
applying  that  principle,  and  that  the  natural  process 
of  the  survival  of  the  fittest  will  gradually  result  in 
the  establiahment  of  certain  methods  applicable  to 
different  classes  of  sewage  with  certainty  and  success. 

I  desii-e  to  acknowledge  the  valuable  help  rendered 
by  many  in  the  preparation  of  the  present  Edition, 
particularly  to  Sii*  T.  Bosdin  Leech  and  the  Rivers 
Committee  of  the  Coqioration  of  Manchesterj  for 
permi.s*sion  to  insert  the  valuable  Report  by  the 
experts,  viz.j  Dr.  Frankland,  Mr*  Baldwin  Latham 
and  Professor  Perkiiij  and  the  summarised  Report 
by  Dr*  Fowler  and  Mr.  James  P.  Wilkinson,  who 
have  kindly  corrected  and  brought  it  up  to  date* 
Also  to  Colonel  Harding,  Mr.  T,  Hewson  and 
Mr,  Harrison  for  the  account  of  the  carefully  con- 
ducted experiments  at  Leeds  which  I  have  abstracted 
from  the  Reports  prepai*ed  by  them. 

The  continued  researches  on  the  bacterial  treatment 
of  the  London  sewage^  carried  out  by  Mr,  E.  Brooke 
Pike  and  Mr,  Biggs  under  the  direction  of  Dr.  Clowes, 
with  the  co-operation  of  Dr.  Houston^  will  be  read 
with  interest,  and  I  have  to  tender  my  thanks  to  the 
London  County  Council  for  permission  to  embody 
them  in  the  present  work. 

An  important  feature  will  be  found  in  the  account 
of  the  connection  between  the  consumption  of  shell 
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fish  contaminated  by  sewage  and  infectious  disease, 
for  which  I  am  indebted  to  Dr.  Arthur  Newsholme, 
Medical  OflScer  of  Health  of  Brighton.  The  informa- 
tion on  this  important  question  is  so  admirably 
arranged  in  his  Reports  as  to  leave  it  unnecessary  for 
me  to  make  further  comment  other  than  to  thank 
him  for  his  kind  permission  to  insert  the  necessaiy 
extracts. 

W.  J.  DIBDIN. 

2,  Edinburgh  Mansions, 
Westminster, 

June,  1903. 
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clear  and  succinct  manner.  In  due  courso  the  work 
will  deal  with  the  consideration  of  the  character  of 
foal  matters  in  sewage  and  waters,  their  composition ^ 
and  the  processes  involired  in  their  ultimate  destruc- 
tionj  either  by  combustion,  which  may  be  oxidation 
by  the  aid  of  fire,  or  by  the  action  of  organisms 
acting  in  the  presence  of  air,  accompanied  or  not  by 
putrefaction  whicli  is  brought  about  by  the  action  of 
organisms  acting  in  the  absence  of  air;  and  the 
effect  of  various  antif?oi)tics  resulting  in  the  preser- 
vation of  ol>jecti<nuil>lr  matters,  for  more  or  less 
prolonged  periods.  This  will  lead  to  a  consideration 
of  tlie  different  methods  proposed  from  time  to  time 
for  the  purpose  of  effecting  ultimate  pimfioation, 
such  as  precipitation  by  different  chemical  reagentsj 
farming  operations,  and  filtration. 

Following  this  remmS  of  the  general  considera- 
tions, the  experiments  \v!ii(*h  have  been  made  in 
Kngland  and  America  on  the  treatment  of  sewage 
matters  and  the  results  of  the  experimental  opera- 
tions on  the  filtration  of  sewage  will  be  of  interest* 

No  work  of  this  kind  can  be  complete  witliout  a 
discussion  of  the  much-vexed  question  of  the  yenti* 
lation  of  sewers  and  the  most  suitable  means  of 
preventing  offensive  emanations.  This  subject  is 
one  which  has  given  rise  to  considerable  debate; 
but  space  will  be  occupied  by  a  recital  of  only  tlinso 
features  which  are  essential  to  the  question. 
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The  consideration  of  such  a  widespread  subject 
requires  a  full  description  of  the  process  in  use  for 
purifying  the  river  Thames.  When  the  question  as 
to  what  process  should  be  adopted  for  the  purpose 
of  effecting  that  great  work  was  under  consideration, 
no  small  discussicm  took  place  on  the  matter ;  and 
the  scheme  proposed  by  the  author,  which  was  ulti- 
mately adopted  and  is  still  in  use  at  the  j)resont  time, 
was  submitted  to  a  most  searching  criticism. 

In  the  first  edition  an  outline  of  a  scheme  for 
works  for  treating  one  million  gallons  of  sewage 
per  day  was  offered  for  consideration,  and  served 
to  indicate  the  direction  in  which  future  improve- 
ments were  anticipated.  In  making  this  suggestion, 
which  was  merely  a  systematised  arrangement  of 
known  working  conditions,  the  author  did  not  wish 
to  make  dogmatic  assertions,  or  in  the  slightest 
degree  to  indicate  more  than  a  direction  of  desirable 
procedure.  The  method  then  indicated  has  been 
followed  with  much  success.  Improvements  in 
detail  have  been  made,  but  in  princii)le  the  system 
is  now  followed  in  the  majority  of  instances,  as 
without  the  Bacteria  Beds,  .used  either  as  '•  Contact 
Beds"  or  ^'  Trickling  Beds,"  few  installations  would 
be  successful. 

The  question  of  the  artificial  purification  of  water 
for  potable  purposes  affords  matter  for  a  chapter 
in  which  the  history  of  the  various  methods  which 
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do  not  agree.  As  I  once  remarked,  in  reply  to  such  a  sug- 
gestion, "  The  great  stumbling-block  in  the  way  of  a  proper 
solution  of  the  diflSoulty  was  the  interested  motives  and 
unfounded  statements  of  many  who  were  absolutely  un- 
acquainted with  the  practical  difficulties  of  the  case.  If 
the  eflForts  made  to  tear  aside  the  veil  from  these  various 
mysterious  processes  were  in  any  way  successful,  an  enor- 
mous stride  would  have  been  made.  Immediately  sanitarians 
recognised  the  fact  that  the  power  of  chemistry  in  this 
matter  was  limited,  that  sewage  had  to  be  got  rid  of  at  the 
cheapest  rate,  whether  profitably  or  not,  and  that  common 
sense  was  in  many  respects  the  best  guide,  a  new  era  in  the 
treatment  of  sewage  woidd  have  arisen,  and  rapid  progress 
might  be  anticipated."  *  Looking  back  on  the  experience  of 
the  past  fifteen  years,  I  can  read  these  remarks  and  repeat 
them  with  ten-fold  force.  The  antiseptics  for  sewage  treat- 
ment have  faded  out  of  sight,  and  it  has  come  to  be  recognised 
that  the  microbio  action  is  the  only  one  now  worth  further 
study,  whether  tliis  be  carried  out  in  water,  on  land,  or  in 
artificial  beds. 

When  I  first  proposed  to  treat  the  London  sewage  on 
biological  principles  the  suggestion  was  met  with  much  scep- 
ticism ;  it  may,  therefore,  not  be  out  of  place  to  put  on  record 
the  way  in  which  the  present  scheme  of  treating  the  London 
sewage  came  to  be  worked  out. 

In  my  earlier  years  I  was,  like  many  others,  a  lover  of 
aquaria,  and  spent  much  time  in  roaming  over  the  delightful 
fields  of  Hampstead  and  Highgate  in  search  of  specimens. 
The  study  of  these  prepared  me  for' the  results  of  Dr.  Sorby's 
microscopical  examination  of  the  river  Thames  in  1880 — 1882. 
Prom  this  it  will  be  readily  gathered  that  when,  in  the  early 
summer  of  1884,  the  Metropolitan  Board  of  Works  gave 
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ihB  order  to  deodorise  the  whole  of  the  London  eei^rage,  I 
was  prepared  to  deal  with  the  river  iB  the  light  of  a  big 
aquarium,  arid  looking  upon  mj  early  experiences^  and 
having  Dr.  Sorbr's  observations  in  my  mind,  I  came  to  tho 
conclusion  that  whatever  chemistry  could  do,  it  must  be 
subordinate  to  the  biological  considerations.  In  order,  how- 
ever, that  in  a  matter  of  such  vast  importance  I  should 
not  make  a  mistake,  I  obtained  ofGeial  sanction  to  consult 
Dr.  Dupre^  who  heartily  worked  with  me. 

That  he  was  in  close  agreement  with  me  in  thea©  views 
will  be  seen  from  the  foUowing  extracts  from  a  report  pre- 
sented by  Iiim  dming  that  year  to  the  Local  Government 
Board,  on  "  Changes  in  the  Aeration  of  Water  as  Indicating 
the  Nature  of  the  Impurities  therein  "  : — 


I 


**If  a  perfectly  pure  wat«r,  fully  ae  rated »  were  kept  in  a  bottle  in 
micli  manner  that  it  could  neither  lose  nor  absorb  oxygon,  it  would »  no 
doubt »  remain  fuDy  aerated  for  any  length  of  tune.  If,  however,  the 
water  contained  any  kind  of  impiU'ity  capable  of  combining  with 
oxygen^  the  proportion  of  osygea  remainirig  in  the  water  would  after 
a  time  diminish*  Tlie  amoiiut  of  oxygen  thus  tliHapjtcnring  might,  to 
a  certain  extent^  Ixi  taken  as  a  meaanro  ol  the  amount  of  matter 
present  capable  of  combining  with  or  consuming  free  oxygen.  In  this 
respect  a  changed  degree  of  aeration  would  stand  on  a  footing  with  the 
older  method  of  estimating  the  relative  amounts  of  organic  matter 
present  in  ranous  Bamples  of  water  by  the  amount  of  oxygen  abfiorbed 
by  them,  nxidor  certain  condition s,  from  permanganate  of  potoiiBinm* 
If  thi^e  were  all  the  information  to  bo  got  by  the  a^mtion  method,  it 
would  have  nothing  to  i^eeonunend  it  over  the  permanganate  motbod ; 
but  on  the  contrary  there  would  bo  much— and  notably  the  length  of 
time  laken  by  an  ojqwriment— to  render  the  examination  of  the 
aeration  of  a  sample  of  water  far  less  suitable  as  nn  analytical 
operationi 

**  Borne  experiments,  however,  which  I  made  some  timo  since,  with 
aewage-poUutM  water^  led  me  to  the  belief  that  obser%  ation  of  the 
changes  in  aeration  of  a  water  would  enable  us  to  distinguish  between 
liTing  and  dead  organic  matter— a  problem  which  no  merely  chemical 
method  had  bo  far  solved.  While  engaged  in  this  work  a  pajier  was 
published  by  Dr,  Angu^  Smith  (it  appeared  shortly  before  his  deatb)  in 
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which  ho  also  endeavours  to  deal  with  this  problem  by  moans  of  a 
chemical  method.  This,  however,  differs  from  my  own,  which  I  shall 
now  proceed  to  describe. 

**My  method  has  been  to  bring  the  samples  of  water  under  experi- 
ment to  the  desired  temperature  (generally  20  dog.  Cent.),  doing  this  in 
the  bottle  in  which  it  had  been  collect<?d,  and  ensuring  its  being  fully 
aerated  by  vigorous  shaking.  It  was  then  transferred  to  the  experi^ 
mental  bottle.  The  air  used  for  aeration  was  sometimes  filtered 
through  cotton  wool,  but  was  generally  taken  unfiltered. 

**The  bottles  were  filled  with  a  sample  of  water  that  was  imder 
analysis,  and  were  then  kept  in  a  constant  temperature  chamber 
(usually  at  20  deg.  Cent.)  for  a  period  of  several — commonly  ten — 
days. 

**In  brief,  I  may  say  that  the  consumption  of  oxygen  from  the 
dissolved  air  of  a  natural  water  is,  in  the  vast  majority  of  cases,  at  all 
events,  due  to  the  presence  of  growing  organisms,  and  that  in  the 
complete  absence  of  such  organisms  little  or  no  oxygen  would  be  thus 
consumed." 


In  May,  1886,  in  the  course  of  some  remarks  during  the 
discussion  following  on  a  paper  read  by  the  late  Dr.  Tidy  at 
the  Society  of  Arts,  Dr.  Dupre  said : — "  There  was  a  remark- 
able unanimity  on  the  part  of  those  who  had  spoken,  that  the 
dissolved  organic  matters,  where  the  sewage  was  mixed  with 
a  certain  quantity  of  water,  would  disappear  rapidly  as  they 
became  oxidised.  He  had  often  thought  that  a  very  good 
thing  would  be  to  cultivate  the  low  organisms  on  a  larger 
scale,  and  to  discharge  them  with  the  effluent  into  the  river, 
as  the  power  which  these  low  organisms  had  was  remark- 
able." 

In  these  observations  Dr.  Dupr^  clearly  set  out  the  line  of 
thought  upon  which  we  had  been  working,  and  which,  as  it 
will  be  seen,  was  but  a  development  of  Dr.  Sorby's  conclu- 
sions some  years  previous.  In  the  following  January,  in  a 
paper  which  I  road  before  the  Institution  of  Civil  Engineers, 
I  pursued  the  point  further.  In  discussing  the  question 
of  the  use  of  an  excessive  quantity  of  lime,  for  the  purpose 
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of  precipitating  the  solid  matters  in  sewage,  I  wrote  as 
follows: — 

**  One  object  claimed  for  the  use  of  ao  exoaemve  quantity'"  of  lim©, 
and  also  for  some  other  substances^  is  that  they  destroy  the  living 
or^uised  bodies^  such  as  bacteria,  &c*,  which  give  ri^e  to  the  phe- 
nomena known  as  putrefaction*  Thia  question  ia  one  of  Buch  yital 
importance  to  the  after-character  of  the  effluent,  that  it  m  necessary  to 
discuss  the  subject  at  length. 

**  The  researches  of  Waritigton  )mve  demonstrated  that  the  process 
known  tts  nitrification  of  the  complex  nitrogenous  bodies  oxistinc^  in 
sewage  during  its  filtration  through  land  ia  brought  about  by  definite 
organiiimi^,  who  in  their  life  processes  food  upon  the  sewngi>  matters 
aad  evolve  the  nitrogen  in  the  form  of  nitric  acid.  As  -with  the 
nitrogen,  eo  with  the  carbon,  wbieh  Is  absorbed  as  foml  and  evolved 
as  carbonic  atid*  Without  those  life  processee,  whether  they  be  of  an 
animal  or  vegetable  nature,  no  destruction  of  the  objectionable 
matters  can  tako  place.  As  the  very  essence  o£  sewage  yiurification  is 
the  ultimate  destruction  or  resolution  into  other  combinations  of  tho 
undesirable  matters,  it  is  evident  that  an  antiseptic  proceKt*  is  the  very 
reverse  of  the  object  to  be  aimed  at-  If  a  preservative  process  be 
required,  a  reccptuclo  ahould  be  provided  for  the  pj'et^en'ed  matters ; 
and  in  order  to  ensure  that  the  antiseptic  process  should  be  a  con- 
tinuous one,  any  subseiiuent  treatment  or  method  of  disposal  mu&t 
avoid  the  destruction  of  the  antiseptic  employed.  In  the  case  of  lime, 
which,  in  the  form  of  strong  eolutionSi  is  a  solvent  of  organic 
stnictuieK,  what  time  i^nll  elapse  before  its  neutralisation  by  absorp- 
tion of  carbonic  acid  and  consequent  loss  of  antiseptic  properties  will 
take  place  after  the  discharge  of  the  effluent  into  running  water  ? 
Obviously  only  a  very  limited  period,  after  which  the  growth  of 
organisms,  eo  zealously  destroyed,  will  recommence  by  rea^^on  of  the 
numerous  spores  in  the  water  of  the  river  and  in  the  air,  with  which  it 
is  constantly  in  contact ;  and  ther^  will  thus  be  an  end  to  the  antiseptic 
properties  of  the  systenii 

^  *  The  lesson  to  be  learnt  from  the  numerous  expciiments,  published 
by  various  authorities »  both  in  this  country  and  on  the  Continent,  i*^ 
that  bacteria  and  other  low  forma  of  organic  life  are  most  potent  in 
the  deiitruction  of  all  objectionable  refuse*  Modem  experience  shows 
that,  when  this  subject  is  better  understood  and  thoroughly  worked 
out,  in  all  probabihty  the  tnio  way  of  purifying  sewage,  where  suit- 
able land  is  unavailal*!"  s  will  be  first  to  separate  the  sludge,  and  then 
to  turn  into  the  neutnil  effluent  a  charge  of  the  proper  organism, 
whatever  that  may  be,  j?pecially  cultivat<?d  for  the  purpose,  retain  it 
for  a  sufficient  perioil,  during  wbitli  time  it  should  be  fully  alrated. 
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and  finally  discharge  it  into  the  stream  in  a  really  purified  condition. 
This  is,  indeed,  only  what  is  aimed  at  and  imperfectly  accomplished  on 
a  sewage  farm.  It  is  true  that  knowledge  on  the  subject  is  not  yet 
sufficiently  advanced  to  put  such  a  system  into  practical  operation,  but 
sufficient  is  known  to  show  that  the  antiseptic  treatment  of  sewage  is 
the  very  reverse  of  Nature's  method.  The  author  has  not  the  slightest 
doubt  but  that  the  future  treatment  of  sewage  will  be  a  combined 
chemical  and  biological  one,  as  suggested  elsewhere  by  Dr.  Dupre." 

As  may  be  seen  from  the  foregoing,  that  suggestion  was  the 
one  thrown  out  by  Dr.  Dupr^  a  few  months  before,  when 
referring  to  the  experience  we  had  gained  during  the  previous 
three  years  in  connection  with  the  deodorisation  of  the 
sewage  of  London,  and  was  in  conformity  with  Dr.  Sorby's 
views  as  to  the  cause  of  the  disappearance  of  the  effete 
matters  in  the  river. 

It  will  now  be  easily  understood  that  in  the  light  of  these 
views  I  was  enabled  to  recommend  a  simple  and  economical 
scheme  for  the  removal  of  the  gross  solid  matters,  leaving  the 
remainder  for  my  allies,  the  lower  forms  of  life,  as  one  leaves 
the  scraps  of  the  domestic  table  for  the  benefit  of  the  chicken 
yard. 

Following  the  publication  of  these  statements  in  1886  and 
1887,  which  thus  clearly  laid  down  the  proposed  new 
departure  in  sewage  treatment,  the  Massachusetts  State 
Board  of  Health  commenced  a  series  of  experiments,  and 
during  the  next  three  years  entirely  confirmed  these  views, 
aB  well  as  those  relating  to  the  principles  of  the  chemical 
treatment  best  adapted  to  separate  the  solids  from  the  liquid 
matters  in  the  sewage.  Their  carefully-conducted  and 
liberally-published  experiments  completed  the  rout  of  the 
sceptics  of  the  biological  treatment  of  sewage. 

Valuable  as  were  the  results  of  the  Massachusetts  experi- 
ments, they  still  left  the  question  in  an  imperfect  form,  as 
the  quantity  of  sewage  treated  was  too  small  to  serve  as  a 
guide  to  what  could  be  done  in  practice.     DoubtleBs  this 
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was  due  to  their  aiming  at  too  high  a  degree  of  purifioation,  as 
would  happen  in  most  laboratory  experiments.  It  therefore 
became  necessary  that  more  precise  data  should  be  obtained 
on  a  working  scale,  and  this  I  have  had  the  opportunity  of 
putting  on  record  in  connection  with  the  experimental  filter 
beds  at  the  Northern  Outfall  Works  of  the  London  County 
Council  from  1892  to  1896,  the  work  since  then  having  been 
ably  continued  by  my  official  successor,  Dr.  Clowes,  with 
results  that  fully  confirm  the  truth  of  my  earlier  prophecy 
referred  to  above.  If  there  be  an  exception,  however,  it  is 
that  the  bacteria  may  be  made  to  do  all  the  work,  and 
chemistry  may  stand  aside,  except  as  a  handmaid  in  the 
hands  of  the  experimentalist,  to  show  the  rate  and  amoimt  of 
work  done. 
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CHAPTER  ni. 

PRECIPITATION. 

The  great  stumbling-block  to  progress  for  many  years  was 
the  all-absorbing  idea  of  making  a  profit  out  of  sewage,  which 
resulted  in  fostering  the  cupidity  of  both  inventors  and 
authorities.  The  sound  common-sense  brought  to  light  by 
the  labours  of  Boyal  Commissioners  and  others  has  dissipated 
this  erroneous  idea  from  the  minds  of  all  imprejudiced 
students  of  the  question.  The  late  Lord  Bramwell  and  his 
colleagues  spoke  out  boldly,  as  well  they  might.  "  Sewage 
disposal  costs  money ;  it  involves  an  expense  which  must  b0 
met,"  said  they.  They  put  their  feet  down  with  all  the 
weight  of  their  authority  upon  the  worn-out  notion  that  the 
manurial  value  of  sewage  is  to  be  taken  into  consideration  as 
part  of  the  general  question.  Where  the  small  manurial 
value  present  in  the  sewage  can  be  realised,  let  this  be  done 
by  all  means ;  but  the  primary  consideration  must  be  that  of 
the  effectual  disposal  of  the  impure  flood  without  nuisance, 
and  next,  if  possible,  the  reduction  of  the  expense  in  those 
few  limited  oases  in  which  surrounding  conditions  are 
favourable. 

One  of  the  most  frequently  misunderstood  points  is  that  of 
disinfection.  Disinfection  direct,  as  applied  to  sewage,  is 
rarely  if  ever  attained.  Partial  deodorisation  is  frequently 
and  easily  applied,  but  deodorisation  plm  purification  can 
only  be  obtained  by  one  of  three  methods.  First,  by 
preliminary  defoecation,  followed  by  filtration  through  large 
areas  of  suitable  soil.     Second,  by  sufficient  dilution  with 
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very  large  volumes  of  well-fterated  and  comparativelj  prn^ 
water.  In  thia  case  enormous  numbers  of  organisms  rapidly 
dispoiQ  of  the  welcome  food,  THb  is  naturally  a  simple 
process,  but  apt  to  fail  when  most  required,  namely,  during 
dry  and  hot  weather,  when  the  supply  of  sufficient  water 
fails,  and  the  diminution  of  dissolved  air  in  the  water,  by 
reason  of  the  enormous  increase  of  the  living  organisms 
using  it  at  a  faster  rate  than  the  water  can  dissolve  fresh 
quantities  of  air,  is  such  that  the  aifrobie  bacteria  are  dis- 
placed by  the  anaerobes,  with  their  neoessajy  accompaniment 
— ^in  a  stream  or  in  open  tBJikB — of  nuisanoe.  Third,  by  the 
direct  bacteriological  treatment  under  conditions  hereafter 
described. 

Precipitation  of  the  solid  suspended  matters  is  an  admirable 
and  advisable  proceeding  as  a  preliminary  process  in  certain 
oases,  although  modem  experience  of  bacterial  treatment 
has  shown  these  to  be  very  exceptional  Its  misfortune  is 
that  such  great  things  have  been  promised  &om  the  use  of 
the  method  that  its  virtues  are  in  danger  of  being  over- 
looked, and  the  good  really  effected  lost  eight  of  in  the 
oft-repeated  disappointments*  Chemical  precipitation,  so 
far  as  it  is  applicable  to  sewage,  mainly  effects  one  thing 
only,  and  that  is  the  sepfu^tion  of  the  suspended  matters  from 
the  liquid  matters.  Under  favourable  circumstanoes  a 
cjertain  percentage  of  the  dissolved  impurities  may  be  carried 
down,  but  in  no  case  is  this  fully  secured.  Whatever  may 
be  claimed  to  the  contrary,  there  is  not  a  workable  process 
of  precipitation  yet  invented  which  ^iU  do  more  than  effect 
a  separation  for  all  practical  purposes  of  the  solid  fi*om  liquid 
matters.  That  is  to  say,  that  if  a  thoroughly  good  effluent^ 
as  we  now  understand  it^  be  required,  the  **  tank  "  effluent, 
as  it  is  called,  obtained  by  chemical  precipitation,  mnst  be 
submitted  to  further  treatment.  The  chemist  in  the  labora- 
toiy  oan  certainly  attain  this  happy  i-esult,  but  the  expense 
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in  actual  practice  would  be  so  enormous,  and  therefore  pro- 
hibitory, that  no  one  would  listen  to  such  a  proposal.  The 
salts  of  aluminium  and  iron,  with  lime,  will  effect  much,  but 
their  use  in  even  preposterous  quantities  will  not  materially 
reduce  the  dissolved  impurities  in  sewage-polluted  water. 

SOLUBILITY  OF  THE  SUSPENDED   MATTERS. 

The  solubility  of  a  portion  of  the  suspended  matters  in 
solutions  of  lime  seems  to  have  been  entirely  overlooked  by 
the  many  writers  on  the  subject.     The  results  of  numeroua  | 
experiments   made  by  myself,   on   both   large  and  small ' 
quantities  of  sewage  liquid,  have  fully  demonstrated  the  fact 
that  the  use  of  an  excessive  quantity  of  lime,  while  affording  i 
a  rapid  settlement  of  the  sludge,  and  a  more  or  less  clear! 
effluent,  dissolves  a  by  no  means  inconsiderable  quantity  of  I 
the  offensive  matters  previously  in  suspension,  and  this  is  apt 
to  render  the  last  state  of  the  liquid  worse  than  the  first. 

In  proof  of  this  statement,  I  would  point  to  the  following 
results  of  a  special  experiment  made  for  the  purpose  of 
demonstrating  the  fact  clearly.  Carefully-washed  sewage 
sludge  was  diffused  in  clean  water,  the  mixture  was  agitated 
for  five  minutes  and  a  sample  withdrawn ;  an  excess  of  lime 
was  then  added,  and  the  mixture  again  agitated  for  another 
five  minutes.  If  the  action  of  the  lime  were  purely  one  of 
precipitation,  no  increaae  should  have  been  observed  in  the 
soluble  organic  matters  previously  in  the  water.  The  limed 
liquid,  however,  instead  of  containing  less  dissolved  oxidisable 
organic  matter,  was  f oimd  to  absorb  about  three  times  the 
quantity  of  oxygen  required  by  the  unlimed  liquidi  the 
actual  result  being : — 

Eocperinient  to  Ascertain  the  Effect  of  Lime  upon  Sludge. 

Ozygvn  alMorbed  from 
FennangaiiAte  in  4  hoon. 
AqiieonB  extract  of  thrioe- washed  sludge  (filtered 

through  paper) 0*23  grain  per  gallon. 

The  same,  after  ^e  addition  of  lime,  agiti^on  for 
five  minutes,  and  filtration  through  paper 0*71    ,)  ,y 
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The  well-known  objectionable  character  of  the  liquid 
pressed  from  sludge,  which  has  been  treated  in  the  usual  waj 
with  limej  is  a  etriting  instance  of  its  action  on  the  solid 
matters* 

This  solvent  action  of  substances  used  as  precipitants  may 
also  be  illustrated  by  the  action  of  alum  and  sulphate  of 
alumina  upon  chondrin,  previously  mentioned  as  an  organio 
constituent  of  sewage.  This  compound  is  thrown  out  of 
solution  by  a  small  quantity  of  alum,  but  the  precipitate  is 
immediately  re-difisolved  by  even  a  slight  excess.  Common 
salt  will  also  effect  this  re-solution. 

The  obvious  lesson  to  be  learnt  from  these  results  is,  that 
before  any  system  of  precipitation  is  adopted  for  a  paiticular 
sewage,  care  should  be  taken  to  ascertain  that  the  intended 
process  in  no  way  exerts  a  solvent  action  on  the  matters 
which  it  is  desired  to  remove.  Having  determined  this 
primary  point,  the  next  question  is,  *'  To  what  extent  are  the 
matters  in  solution  affected  P  " 


UISSOLYED  IMPURITIES  AND  THEIR  PARTIAL  REMOVAL, 

This  point  has  given  rise  to  no  little  controversy*  Autho- 
rities on  either  side  have  dlffeied  widely,  and  it  is  only  in 
view  of  the  immistakoable  results  obtained  in  tiie  course  of 
many  experiments  that  I  ventured  to  set  aside  all  statements 
hitherto  made  on  the  subject,  and  to  place  on  record  the  out- 
come of  work  specially  conducted  for  the  elucidation  of  tiiis 
important  branch  of  the  inquiry. 

It  must  he  obvious  to  the  most  euperficial  observer,  that  in 
dealing  with  so  variable  a  substance  as  water-eaxried  sewage, 
results  of  an  equally  varj^ng  nature  are  Hkely  to  be  obtained. 
If  a  large  (quantity  of  a  soluble  organic  substance  be  difi'used 
in  half  a  piut  of  water,  it  might  be  thought  that  littie  trouble 
would  be  esperienoed  in  precipitating  a  considerable  portion 
of  it,  with  only  a  moderate  quantity  of  the  chemical  agents 
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suitable  for  the  purpose.  On  the  other  hand,  if  the  same 
quantity  of  matter  were  diffused  in  several  gallons  of  water, 
it  would  not  be  surprising  if  the  desired  precipitation  were 
not  so  readily  effected. 

This  consideration  is  not  a  suggestion  merely,  but  the  out- 
come of  actual  demonstration,  and  it  explains  the  cause  of 
the  various  contradictory  statements  on  the  subject.  To 
exhibit  the  facts  in  a  clear  light,  I  have  tabulated  the  results 
of  the  examination  of  varying  samples  of  sewage  and  other 
solutions,  both  before  and  after  treatment  by  the  usual  pre- 
cipitation agents  employed  on  sewage  works  (Table  HI.). 
For  the  purpose  of  ascertaining  the  degree  of  impurity 
present  in  the  samples,  the  standard  adopted  is  the  quantity 
of  oxygen  absorbed  by  the  organic  matters  from  permanga- 
nate of  potash,  acting  in  an  acid  solution  at  a  temperature  of 
80  deg.  Fahr.,  during  four  hours  in  a  closed  vessel.  In  some 
cases  these  results  have  been  checked  by  the  albuminoid- 
ammonia  process,  but  the  former  method  is  one  peculiarly 
adapted  for  indicating  the  work  required  to  be  done  in  the 
ultimate  purification  of  the  objectionable  matters.  The 
various  chemicals  used  were  first  dissolved  in  portions  of 
the  sewage  treated,  to  avoid  errors  due  to  the  apparent 
removal  of  the  dissolved  matters  which  would  have  been 
shown  if  the  solutions  had  been  made  with  clean  water. 

The  conclusions  indicated  by  the  results  given  in 
Table  III.  are  tolerably  clear.  The  first  portion  of  the 
table  shows  the  results  of  the  examination  of  twenty-three 
series,  each  consisting  of  twenty-five  different  effluents, 
obtained  by  as  many  processes,  resulting  from  the  treatment 
of  a  given  sample  of  sewage  collected  from  the  metropolitan 
system.  This  exhaustive  examination  fully  confirms  the 
statement,  already  made,  that  no  practical  process  of  chemical 
precipitation  is  capable  of  removing  more  than  a  limited 
quantity  of  the  oxidisable  organic  matters  in  solution  in 
London  sewage. 
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Table  IH. — Showing  the  Percentage  Reduction  of  Oxidiaable  Organic 
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Matter  in  Solution  by  Various  Methods  of  Chemical  Precipitation. 
in  grains  per  gallon,) 
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The  results  furtlier  demonstrate  the  striking  superiority  of 
iron  over  aluiu  for  sewage  purifieation.  Bj  the  use  of 
iron  sulphate  in  conjunction  with  lime>  as  much  work  is 
effected  {on  the  basis  of  tho  London  sewage)  for  31,000/*  per 
annum  as  would  be  obtained  by  an  expenditure  of  82,000^, 
for  alum  and  lime.  Eyen  when  lime  and  alum,  with 
the  help  of  only  one-twentieth  of  their  weight  of  iron 
sulphate,  were  used  to  an  extent  of  178,000/,  per  annum, 
not  so  much  work  was  accomplished  as  by  an  expenditure  of 
only  54j000/,  for  lime  alone  when  used  in  solution.  Alum 
is  valuable  chiefly  for  its  effect  in  removing  some  of  the 
colour  from  tho  effluent,  and  thus  appealing  to  the  eyesight ; 
while  the  matters  actually  dissolved  ai'O  there  nevertheless. 
The  observations  with  regard  to  the  action  of  alimi  upon 
chondrin  already  made  mil  help  to  explain  this*  The 
experiments  with  animal  charcoal^ — column  17^ — show  that  if 
this  substance  were  used  to  an  extent  of  182,500^.  per  annum 
the  benefit  would  be  practically  niL  The  table  also  indicates 
most  clearly  the  danger  of  diB^ing  eooclusions  from  the 
examination  of  one  or  two  samples  only. 

The  second  portion  of  the  table  gives  some  results  which 
will  explain  the  rem^kable  differences  of  opinion  expressed 
by  various  authorities  as  to  the  percentage  reduction  of 
dissolved  solids  by  various  processes,  when  acting  on  sewage 
of  a  character  different  from  that  of  Loudon,  The  sewage 
used  for  this  purpose  was  obtained  from  other  sources,  and 
was  evidently  of  such  a  character  that  the  oxidisable  dissolved 
solids  were  readily  precipitated  by  even  a  small  quantity  of 
lime  in  solution,  viz,,  5*0  grains,  no  less  than  52  per  cent* 
being  removed.  The  addition  of  an  iron  salt  to  the  limed 
sewage  effected  a  total  reduction  of  the  dissolved  oxidisablo 
matters  of  61  to  69  per  cent. 

In  order  to  test  this  point  further,  and  to  show  that  no 
benefit  is  derived  from  the  use  of  an  exoassive  quantity  of 
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ohemicals,  the  results  of  a  series  of  preoipitation  experiments 
on  solutions  of  clear  mutton  extract  are  given  in  Table  IV. 
The  results  show  that  the  same  quantity  of  precipitant  is 
capable  of  removing  from  46  to  90  per  cent,  of  the  total 
oxidisable  matter,  according  to  the  strength  of  the  solution, 
and  that  a  very  large  increase  in  the  quantity  of  the  chemicab 
used  affords  no  advantage  virhatever,  the  results  being  prac- 
tically the  same,  the  differences,  such  as  they  are,  being  in 
favour  of  the  smaller  quantity  of  re-agents  employed. 

It  is  thus  seen  that  statements  which  have  hitherto  met 
with  a  great  deal  of  scepticism  on  either  side  may  be  perfectly 
correct,  the  difference  being  solely  due  to  the  variable  nature 
of  the  sewage  operated  upon. 

These  various  considerations  unquestionably  point  to  the 
general  conclusion  that  where  it  is  intended  to  treat  the 
sewage  by  chemical  means,  the  following  rules  should,  as  far 
as  practicable,  be  observed,  viz. : — 

(1)  That  the  sewage  should  be  diluted  as  little  as  possible. 

(2)  That  the  flow  of  sewage  should  be  adjusted  so  that 
the  agitation  of  the  particles  in  suspension  should  be  of  a 
TniTiiTTinTn  character. 

(3)  That,  unless  absolutely  necessary,  no  pumping  should 
take  place  before  precipitation. 


[Table  IV. 


44 


Dissolved  Matters. 


Table  IV. 

Percentage  reduction  of  Oxidisable  Organic  Matter  in  a  Solu" 
tion  of  clear  Mutton  Extract  by  Chemical  Precipitation^  as 
estimated  by  the  Absorption  of  Oxygen  from  Permanganate 
of  Potash  in  Four  Hours  acting  at  a  temperature  of  80  deg. 
Fahr,  in  closed  vesseh. 


dissolTed  matters 
by  treatment  of  liquid  with 

Per            Per             Per 
gallon.       gallon.       gallon. 

Oxygen 

^ 

absorbed  by 

1  ''    ^!      ^^ 

if  !  Ai    ill 

tl   11  tit 

SOLUTION  USED. 

untreated 
solution. 

Grains  per 

Solution  containing  : 

galbn. 

20    p.c.  of  dear  mutton  eoctract 

100-0 

90-8 

SO'l          91-2 

10      „         „ 

60-0 

87-2 

87^0           — 

6      „ 

26-0 

86-7          86-6           — 

3      M 

16-0 

83-5 

82-6           — 

1       „ 

5-0 

82-2 

81-2           — 

0-6    „ 

2-6 

78-4 

76-4           - 

0-2   „         „ 

1-0 

590 

66-0           — 

0-1    „         „ 

0-6 

660 

46-0           — 

The  oonsideration  of  these  results  leads  to  the  inevitable 
conclusion  that  excessiye  expense  in  striving  to  attain  the 
impossible,  viz.,  perfect  purification  of   sewage  liquid  by 
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ohemioal  preoipitation,  is  not  permissible.  The  minimum 
oost  at  which  a  fair  separation  of  the  liquid  from  the  solids 
can  be  effected  should  be  aimed  at.  The  money  so  saved 
will  be  spent  to  far  better  purpose  in  constructing  porous 
filter  beds  for  the  final  purification  by  bacterial  action,  as 
previously  pointed  out. 

As  showing  the  character  of  the  matters  obtained  from 
ordinary  water-carried  sewage  after  they  have  been  pressed 
in  the  form  of  "  cake/'  the  following  table  will  be  of 
interest : — 

Table  V. 

Average  Composition  of  Pressed  Sewage^SltAdge  from  Crossness. 

Per  oent. 

MoiBtare • 68*06 

Organic  matter 16*69 

Mineral 26*26 

100*00 


Per  cent.         p^  ^^. 
oa  ^^^^       Fer  oent. 


The  organic  matter  contains — 

Saline  ammonia    0*036  \ 

Organic  nitrogen,  calculated  as  |  ^'®7 

ammonia    1  *025  / 


The  mineral  matter  contains — 

Percent. 

Carbonate  lime   7*94 

Free  lime 2*46 

Silica    8*08 

Oxide  of  iron 0*97 

Oxide  of  aluminium 3*39 

Fhosphoric  acid  (^  phosphate  lime  1*44) 0*668 

Magnesia traces 


(     ^6     ) 
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EXPERIMENTS  AT  MASSACHUSETTS  AND  LONDON. 


We  maj  now  proceed  to  diseuBS  the  esperienoe  gained  up  to 
the  present  time.  It  will  be  advisable  first  to  consider  very 
carefully  the  TariouB  experiments  which  have  been  made  in 
America  and  in  England.  As  shown  in  the  second  chapter,  I 
pointed  out  in  1887  that  without  the  intervention  of  living 
organisms  no  material  destruction  of  the  complex  bodies 
existing  in  sewage  oould  take  pkce.  This  was  the  funda- 
mental idea  underlying  my  work  in  connection  with  the 
purification  of  the  Thames. 

Following  the  publication  of  these  views,  the  State  Board 
of  Health  of  Massachusetts  commenced  their  series  of 
elaborately-conducted  experiments  in  November  of  the  same 
year,  and  during  the  years  1888,  1889,  and  1890  obtained 
very  valuable  results.  So  thorough  were  these  that  no 
apology  is  needed  for  including  a  resume  of  them. 

The  filtering  grounds  were  situated  in  the  east  part  of  the 
city  of  LawrencCj  on  the  north  bank  of  the  Merrimac  Eiver, 
and  comprised  about  two-thirds  of  an  aore.  On  the  north  side 
of  the  grounds  was  a  building  300  ft,  long  and  about  10  ft, 
wide  and  10  ft.  high,  nearly  all  below  the  surface  of  the 
ground,  and  lighted  by  windows  in  the  rool  Running 
lengthwise  through  the  building  was  a  drain,  and  above  this 
an  open  wooden  conduit,  about  2  ft,  wide,  cmd  1  ft.  high, 
resting  on  piles,  and  sloping  with  the  building,  viz,,  1  ft,  in 
100  ft.     This  conduit  was   divided  at   each   25  ft.  of  its 


RD    OF    HEALTH    AT    LAWRCNCC. 


a 


^ioca^ 


Tufare  % 


Massachusetts  Experiments.  47 

length  by  a  tight  partition.  Each  section  thus  formed  was 
used  as  a  measuring  basin,  being  25  ft.  long,  about  2  ft. 
wide,  and  1ft.  high,  and  holding  between  200  and  300 
gallons,  and  had  an  outlet  by  whioh  the  contents  might  be 
turned  into  the  drain  beneath. 

Outside  of  the  building,  where  the  surface  of  the  ground 
is  7 J  ft.  above  the  top  of  the  measuring  basins,  were  ten  large 
wooden  tanks,  sunk  their  full  depth  into  the  ground. 

These  tanks,  numbered  one  to  ten,  were  made  of  cypress, 
circular  in  plan,  16  ft.  8  in.  in  diameter  inside  at  the  bottom, 
17  ft.  4  in.  at  the  top,  and  6  ft.  deep  inside.  They  were  set 
with  the  bottom  sloping  4  in.  towards  the  building. 

In  each  tank  an  underdrain,  15  ft.  in  length,  of  horse-shoe 
section  of  about  two  square  inches  in  area,  was  set  with  open 
part  downwards,  and  half  an  inch  above  the  bottom,  resting 
on  blocks  6  in.  apart,  and  the  floor  was  covered  with  one  layer 
of  coarse  gravel  stones,  about  1  in.  by  2  in.,  this  by  another 
layer  of  smaller  size,  upon  whioh  followed  layer  upon  layer  of 
gravel,  decreasing  in  size  to  \  in.  in  diameter,  and  making  a 
thickness  of  3^  in.  This  fine  gravel  was  covered  with  very 
coarse  mortar  sand,  with  top  surface  level,  3^  in.  deep  in  the 
middle  of  the  tank.  Above  this  substratum,  which  was  the 
same  in  all  the  tanks,  the  several  tanks  were  filled  as 
follows : — 

Tank  No.  1. — Filled  5  ft.  in  depth  with  very  coarse  dean 
mortar  sand. 

Tank  No.  2. — Filled  5  ft.  in  depth  with  very  fine,  nearly 
white,  sand. 

Tank  No.  3. — Filled  with  peat  from  a  cultivated  field, 
4  ft.  in  depth  including  the  previously  undisturbed  lower 
layers,  and  covered  1  ft.  in  depth  with  the  original  top 
layer. 

Tank  No.  4. — Filled  5  ft.  in  depth  with  river  silt,  being 
mostly  a  very  fine  sand. 
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Tank  No*  5, — Filled  5  ft*  In  depth  mth  a  good  qimUty  of 
brown  soil,  taken  in  the  autumn  from  a  garden  which 
had  been  manured  and  cultlTated  that  season. 

Tank  No.  6, — Filled  3  ft.  8  in.  in  depth  with  ooarse  and 
fine  Band  and  gravel. 

Tank  No.  7*~Filled  3  ft.  8  in.  in  depth  with  the  same  as 
No.  6,  above  which  were  10  in.  of  jeUow  sandy  loam,  and 
6  in*  of  brown  eoil. 

Tank  No,  8,— FiUed  3ft.  Sin.  with  the  same  as  No.  6, 
above  which  were  8  in.  of  yeUow  sandy  loam  like  that  in 
No,  7,  and  this  was  covered  with  8  in,  of  sand  and  gravel 
like  that  beneath  the  loam< 

Tank  No.  9. — Filled  4  ft.  3  in.  in  depth  with  a  very  com- 
pact hard  pan  of  clay,  sand,  and  gravel,  covered  with 
9  in,  of  brown  soil* 

In  each  case  the  filtering  material  was  thrown  from  the 
shovel,  icattering  into  water  which  partly  filled  the  tank. 
After  filling  each  tank  to  the  height  given,  which  was 
generally  3  in,  below  the  top  of  the  tank,  a  little  sloping  bank 
1  ft,  mde  was  filled  aronnd  the  inside  of  each  tank  to  prevent 
the  liquid  applied  reaching  the  side  of  the  tank  too  freely. 
The  area  of  the  surface  to  which  sewage  was  applied  and  the 
effective  area  of  the  filtering  material  were  regarded  as  being 
y^^  of  an  acre. 

Tank  No.  10  had  been  used  for  the  measurement  of  the 
rainfall  and  the  evaporation- 

From  the  end  of  the  underdrain,  at  the  lowest  point  in  the 
bottom  of  each  tank,  extended  through  the  bottom  a  short 
brass  pipe  2  iu.  in  diameter  connected  by  a  quarter  turn  to  a 
2-in.  iron  pipe,  which,  passing  through  the  ground  and  into 
the  building,  conveyed  drainage  from  within  the  tank  to  its 
measuring  basin,  where  the  quantity  was  read  on  a  scale 
indicating  galioos. 
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During  November  and  Docomber,  1887,  water  from  the 
city  mains  was  applied  to  the  several  tanks.  Sewage  had 
been  brought  to  the  building  in  a  2^-in.  pipe  of  galvanised 
iron  from  a  point  in  the  main  sewer  of  the  city  about  1,000  ft. 
above  its  outlet,  and  above  the  entrance  of  the  streams  from 
the  manufacturing  establishments.  This  liquid,  from  perhaps 
ten  thousand  people,  may  be  regarded  as  ordinary  city  drain- 
age, similar  during  very  dry  weather  to  sewage  separate  from 
storm  water,  but  during  wet  weather  very  much  diluted  by 
surface  drainage. 

The  sewage  was  raised  by  means  of  two  pumps  into  two 
measuring  basins  within  the  building  at  a  higher  level  than 
the  top  of  the  filtering  tanks,  w^here  the  quantity  to  be  put 
upon  any  tank  was  noted  by  a  scale  of  heights  indicating 
gallons,  and  was  distributed  by  movable  hose  to  either  of  five 
tanks  from  one  measuring  basin,  and  to  the  other  five  tanks 
from  the  other  measuring  basin. 

Besides  these  large  filtering  tanks  there  were  placed  within 
the  building  ten  galvanised  iron  tanks,  having  about  the 
same  depth,  but  a  diameter  of  only  20  in.,  giving  an  area  of 
surface  of  one-hundredth  of  that  of  the  large  tanks,  or  one 
twenty -thousandth  of  that  of  an  acre.  These  tanks  were 
numbered  11  to  20.  They  were  filled  with  various  materials, 
such  as  sand,  &c.,  as  with  the  larger  ones. 

All  the  large  tanks  and  the  trenches  were  exposed  to  snow 
and  rain  through  the  first  winter  and  summer,  and  imtil 
November  20th,  1888,  when  tanks  numbered  1,  2,  4,  5,  6  and 
7  were  covered  with  canvas,  and  trenches  numbered  5,  6,  7, 
and  8  were  covered  with  boards  to  keep  out  the  snow.  The 
canvas  coverings  were  removed  March  13th,  1889. 

The  experimental  station  at  Lawrence  was  arranged,  and  the 
experiments  conducted,  for  the  purpose  of  determining  the 
fundamental  principles  of  filtration  not  previously  established, 
and  to  learn  what  can  be  accomplished  practically  by  filters 
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made  of  some  of  the  widely  Yarjing  materials  foimd  in  suit- 
able loeaUtieB  for  filtration  areas,  that  there  may  be  deduced 
from  these  results  the  probable  eifieionoy  of  other  materials  to 
be  found  tliroughout  the  Stat^* 

About  foiu*  thousand  cliemical  analyses  of  the  sewage 
applied  to  the  tanks  and  of  the  filtered  effluent  were  made  in 
the  twenty-two  months,  Observ^ations  upon  the  number  of 
hafjtoria  living  in  the  sewage  and  in  the  various  effluents 
were  made  during  the  two  years,  and  examinations  were 
made  of  the  microscopio  organisms. 

Thus  equipped,  the  officers  of  the  Board  proceeded  to 
conduct  a  series  of  experiments  of  the  most  elahomte  and 
valuable  character,  and  those  who  desire  to  follow  them  in 
detail  shoidd  procure  or  obtain  access  to  the  reports  of  that 
Board  for  the  year  1890,  as  the  included  abstract  can  only 
point  out  the  general  natiu-e  of  the  work  and  the  eooclusions 
at  which  tliey  arrived.  In  the  *'  General  View  of  Kesulta'' 
the  Board  reported  as  follows  : — 

"We  have  now  filtered  sewage  intermittently  through 
clean  gravel  stones,  larger  than  robins*  eggs,  through  filters 
mode  of  various  grades  of  gravel  and  sand,  to  a  sand  whose 
particle.'^  average  but  O'OO-l  in.  in  diameter — a  fine  granular 
duet — as  well  ns  through  soils  and  peat.  With  the  gravels 
and  sands,  from  the  coarsest  to  the  finest,  we  find  that  purifi- 
cation by  nitrification  takes  place  in  all  when  the  quantity 
of  sewage  is  adapted  to  their  ability  and  the  surface  is  not 
allowed  to  become  clogged  by  organic  matter  to  the  exclusion 
of  f\ir. 

'^With  fine  soils,  containing^  in  addition  to  their  sand 
gimus,  2  or  3  per  cent,  of  alumina  and  oxide  of  ii-on  and 
manganese  and  6  or  7  per  cent,  of  organic  matter,  we  find 
that,  when  only  G  in.  in  depth,  resting  upon  fine  8audy 
material,  they  retain  water  m  long  that  the  quantity  that  can 
be  applied  is  so  small,  and  the  interval  in  which  this  must 
settle  and  drain  away  to  allow  air  to  enter  the  field  is  so  long, 
Uiat  the  amount  of  sewage  that  can  be  purified  is  very  small. 
When  the  quantity  applied  is  adapted  to  its  ability,  such  a 
filter  may  give  excellent  restilts,  quite  free  from  hucteria. 
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"  With  greater  depth  of  soil  the  quantity  that  can  be  fil- 
tered will  evidently  become  less  ;  and,  with  the  depth  of  5  ft. 
of  such  a  soil,  we  have  found  that  nitrification  did  not  take 
place ;  and,  although  it  was  probable  that  no  bacteria  came 
throogh,  the  organic  matter  in  the  effluent  was  at  the  end  of 
two  years  nearly  as  great  as  in  the  sewage.  This  soil 
remained  continually  so  nearly  saturated  that,  when  only 
6,000  gallons  per  acre  were  being  filtered  daily,  although 
free  to  drain  over  every  square  foot  of  the  bottom,  sufficient 
air  could  not  be  taken  in  to  produce  nitrification ;  and  the 
ohemical  result  with  this  material  was,  throughout  the  two 
years  of  its  trial,  nearly  the  same  as  would  be  expected  if  the 
filtration  had  been  made  continuous  instead  of  intermittent. 

"  With  peat  upon  the  surface  of  a  filtration  area,  even  to 
the  depth  of  only  1  ft.,  its  imporviousness  to  liquid,  and  the 
quantity  tliat  it  will  retain  until  it  evaporates,  renders  inter- 
mittent filtration  impracticable  ;  and  a  sand  area  thus  covered 
with  peat  can  be  rendered  efficient  for  filtration  only  by  the 
removal  of  the  peat  from  the  surface. 

"  The  experiments  with  gravel  stones  give  us  the  best  illus- 
tration of  the  essential  character  of  intermittent  filtration  of 
sewage.  In  these,  without  straining  the  sewage  sufficiently 
to  remove  even  the  coarser  suspended  particles,  the  slow 
movement  of  the  liquid  in  thin  fUms  over  the  surface  of  the 
Btones,  with  air  in  contact,  caused  to  be  removed  for  some 
months  97  per  cent,  of  the  organic  nitrogenous  matter,  a 
large  part  of  which  was  in  solution,  as  well  as  99  per  cent,  of 
the  baicteria,  which  were,  of  course,  in  suspension,  and  enabled 
these  organic  matters  to  be  oxidised  or  biuned,  so  that  there 
remained  in  the  efiluent  but  3  per  cent,  of  the  decomposable 
organic  matter  in  the  sewage,  the  remainder  being  converted 
into  harmless  mineral  matter. 

"  The  mechanical  separation  of  any  part  of  the  sewage  by 
straining  tlirough  sand  is  but  an  incident,  which,  under  some 
conditions,  favourably  modifies  the  result ;  but  the  essential 
conditions  are  very  slow  motion  of  very  thin  films  of  liquid 
over  the  surface  of  particles  having  spaces  between  them 
sufficient  to  allow  air  to  be  continually  in  contact  with  the 
films  of  liquid. 

"  With  these  conditions  it  is  essential  that  certain  bacteria 
should  be  present  to  aid  in  the  process  of  nitrification.  These, 
we  have  found,  come  in  the  sewage  at  all  times  of  the  year ; 
and  the  conditions  just  mentioned  appear  to  be  most 
favourable  for  their  efficient  action,  and  at  the  same  time 
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most  destructive  to  theoi  and  to  all  kinds  of  bacteria  tliat  are 
in  the  sewage. 

"  Tiie  coarse  sand  filtered  U  7,000  gallons  per  acre  per  day 
for  tliree  months,  after  whieh  the  qimntity  was  increased,  and 
averaged  for  iive  months  177,000  gallons  per  acre  per  day. 
The  purification  was  le&s  complete  for  the  first  month  aftt^r 
the  change,  hut  in  the  second  and  third  months  it  was  more 
complete  than  with  the  quantity  given  above.  The  fourth 
nnd  fifth  months,  however,  gave  less  satisfactory  resnlts^ 
shomng  that  the  filter  was  heconung  overburdened,  and  the 
surface  became  much  clogged  ^\ith  organic  matter.  The 
filter  was  evidently  overworked.  The  other  filters,  filtering 
quantities  decreasing  with  their  perviousness  from  60,OOU 
gallons  per  acre  per  day  to  9,000  gallons,  indicated  that  they 
would  continue  giving  as  good  results  indefinitely. 

**  The  results  of  experiments  as  to  the  effect  on  filtration  of 
exclusion  of  air,  /'.r.,  by  continuous  instead  of  intermittent 
filtration,  was  that  no  nitrification  takes  plaee,  and  the  elHuent 
gradually  becomes  worse  until  it  contains  as  much  organic 
matter  as  the  sewage." 
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Valuable  as  were  these  results,  they  still  left  the  question 
in  an  all  but  impracticable  form,  as  the  quantity  of  sei^age 
thus  treated  was  so  smalL  Doubtless  this  was  due  to  the 
use  of  too  fine  filtering  materials,  and  the  high  degree  of 
purification  attained*  It  therefore  became  necessary  that 
precise  data  on  a  working  scale  should  be  obtained  \  and,  with 
tlus  object,  the  Main  Drainage  Conmiittee  of  the  London 
County  Council  instituted  a  series  of  experiments  at  the 
Northern  Outfall  Sewage  Pi-ecipitation  Works  with  most 
sueeessful  results. 

Before  proeeediug  further,  it  may  be  interesting  to  point 
out  that  the  general  results  fully  confirm  the  opinion 
already  quoted,  and  expressed  by  myself  in  1887,  as  to  the 
biological  treatment  of  a  chemically  treated  sewage;  the 
only  departure  from  the  suggestion  previously  made  being 
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that,  instead  of  its  being  necessary  to  feed  the  sewage  with 
any  specially  prepared  organism,  we  then  knew  that  the 
sewage  already  contained  these  in  abundance,  and  that  all 
that  was  required  was  to  give  them  free  scope  under  favour- 
able conditions  to  enable  them  to  fully  exert  to  any  extent 
that  may  be  desired  their  special  function  of  breaking  up  the 
organic  matters.  Later  experience,  however,  has  shown  that 
by  proper  prelimiimry  sowing  with  suitable  bacteria,  a  filter 
may  be  more  speedily  prepared  in  its  best  working  con- 
dition, but  tliere  appears  to  be  no  practical  advantage  in 
adopting  this  course. 

The  experiments  made  under  my  direction  at  the  Main 
Drainage  Works  at  Barking  Creek  may  be  conveniently 
divided  into  two  main  groups,  viz. : — 

(1)  Experiments  with  small  filters  using  various  filtering 
materials. 

(2)  Experiments  with  a  one-acre  filter,  using  coke  breeze 
only  as  material. 

The  latter  may  again  be  sub-divided  into — 

{(i)  Preliminary  trials  on  velocity  of  passage,  &c. 

(h)  Experiments  on  biological  lines. 

(c)  Experiments  with  doubled  means  of  filling. 

{(I)  Experiments  with  increased  facilities  for  emptying. 

{e)  Experiments  on  recuperative  power. 

Series  No.  1. 

The  tanks  for  filters  used  in  the  first  series  of  experiments 
were  built  of  wood,  and  wore  each  equal  in  area  to  -j-^th 
part  of  an  acre.  They  were  four  in  number,  and  were  filled 
with  pea  ballast,  coke  breeze,  burnt  clay,  and  a  proprietary 
material  (with  gravel  and  sand)  respectively.  All  four  were 
worked  at  the  same  rates  and  during  the  same  hours.  During 
the  first  six  weeks  sewage  eflQuent  was  passed  through  at  the 
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rata  of  500  gallons  per  square  yard  por  daj^  tut  from  the 
oiiddlo  of  Jidj  to  tho  end  of  August  the  rate  was  reduced  to 
oae-half  J  or  250  gallons  per  square  yard  in  twenty-four  hours. 
The  filtration  was  iiiterniittently  continuous,  the  filters  passing 
effluent  constantly  for  eight  hours  daily  and  resting  during 
the  remaining  sixteen  hourSj  being  allowed  to  run  dry  at  the 
end  of  each  day*e  work.  The  outlet  valve  was  closed  just 
sufficiently  to  keep  the  filters  full,  the  effluent  being  level 
with  the  surfjioe  of  the  filter  material- 

The  whole  quantity  of  effluent  passed  through  amounted 
to  185,000  gallons^  in  a  total  of  2,1G0  hours,  of  which  the 
filter  worked  484  hours  and  rested  empty  1,670  hoiirs.  The 
average  rate,  therefore^  inclusive  of  rest  periods,  was  411,000 
gallons  per  acre  iu  twenty-four  hours. 

Filter  No.  1.  Burnt  Ballaat. — The  material  for  this  filter 
was  obtained  by  biirmng  clay  taken  from  the  marsh  land 
adjoining,  and  was  placed  in  the  tank  to  a  depth  of  4  ft* 

The  pnrifloation  effeoted  by  this  filter  was  less  than  that 
attained  by  any  of  the  remainder*  The  clarification  was  also 
less  than  in  the  case  of  the  pea  ballast  and  proprietary  filters, 
being  exactly  the  same  as  effected  hy  the  cote  breeze.  This 
was  undoubtedly  owing  to  the  extreme  looseness  and  porous 
nature  of  the  mat^jriab.  The  filtrate  was  fi*ee  from  putre- 
factive odom-,  remaining  sweet  for  many  months  in  either 
stoppered  or  open  bottles. 

Filter  No.  2.  Pea  Ballast,— This  filter  was  filled  with 
Lowestoft  shingle,  of  pea  siae.  The  clarification  effected  in 
the  filtrate  was  75  per  cent,  more  than  in  the  case  of  the 
burnt  ballast.  The  purification  was  also  greaterj  the  reduc- 
tion of  oxidisable  organic  matter  amounting  to  52  "3  per 
cent. 

Filter  No.  3,  Coke  Breeze.— This  filter  was  filled  with 
coke  breeze  to  a  depth  of  4  ft.,  and  3  in.  of  gravel  were  placed 
on  the  top  to  prevent  the  ooke  from  floating.    As  far  as  clan- 
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fication  was  concerned,  this  filter  produced  equal  results  with 
the  burnt  ballast;  but  the  purification  effected  was  higher 
than  in  the  case  of  any  of  the  other  materials,  the  reduction 
of  the  oxidisable  organic  matter  in  solution  amounting  to 
62'2  per  cent.    No  renewal  of  the  material  was  required. 

Filter  No.  4.  Sand. — This  filter,  having  an  area  of 
16  square  yards,  or  -^^c^  of  an  acre,  was  filled  with  gravel, 
walnut  size  5  in.,  bean  size  2^  in.,  pea  size  li  in.,  and  sand 
10  in.,  taken  in  order  from  below  upwards.  It  formed  part 
of  the  compound  proprietary  filter.  The  rate  at  which 
effluent  was  passed  through  was  one-half  more  per  square 
yard  than  in  the  case  of  the  other  filters,  the  sand  filtration 
being  a  preliminary  to  and  part  of  the  treatment  by  the 
proprietary  article,  and  the  areas  of  the  two  portions  being 
together  equal  to  one  of  the  remaining  filters,  already 
described. 

The  clarification  effected  was  much  greater  than  in  the 
case  of  Nos.  1,  2  and  3;  but  the  purification,  measured  by 
the  reduction  in  the  amount  of  oxidisable  matter  in  solution, 
was  considerably  loss  tlian  in  the  case  of  the  coke  breeze, 
somewhat  less  than  by  the  pea  ballast,  and  practically  the 
same  as  by  the  burnt  day.  On  two  occasions  tlie  filtrate 
became  slightly  putrid,  the  results  thereby  differing  from 
those  obtained  from  any  other  filtering  material  employed. 
Doubtless  this  tendency  to  become  putrid  was  to  a  great 
extent  due  to  tlie  deficient  aeration  of  the  interior  of  the 
filter,  in  consequence  of  the  capillary  attraction  of  the  finer 
particles  of  sand  holding  the  water,  and  thus  choking  the 
pores  when  the  filter  was  emptied.  This  filter  had  to  be 
repeatedly  raked  and  cleared,  and  2  J  in.  of  sand  were 
removed  and  replaced  by  new  on  the  11th  of  July. 

No.  5.  Proprietary  Filter. — This  filter  had  an  area  of 
8  square  yards,  and  was  filled  with  3  in.  of  gravel,  walnut 
size ;  2  in.  gravel,  bean  size ;  1^  in.  gravel,  pea  size ;  1  in. 
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sand,  and  12  in.  of  the  proprietary  material ;  taken  in  order 
from  below  upwards. 

The  effluent  which  it  received  had  already  passed  tlii'ougli 
filter  No.  4  (sand},  and  had  thus  been  greatly  clarified,  whilst 
the  dissolved  impurity  had  been  removed  to  the  extent  of 
42  per  cent.  The  rate  of  filtration  was  three  times  that  of 
the  other  filters,  so  as  to  bring  up  the  rate  of  the  combined 
filter  to  an  equality  with  the  rest.  The  filter  was  supplied 
with  perforated  pipes  leading  to  the  surface  for  aeration. 
In  general  appearance  the  filtrate  from  this  compound  filter 
was  slightly  superior  to  all  the  others,  the  clarification 
effected  being  a  little  more  than  in  the  case  of  the  sand 
forming  the  first  portion.  The  purification  effected  by  this 
process  of  double  filtration  amounted  to  61*6  per  cent.,  a 
figure  practically  the  same  as  was  obtained  by  the  use  of 
coke  breeze.  None  of  the  filtrates  showed  any  signs  of 
putrescence  when  kept  for  lengthened  periods  in  either  open 
or  closed  bottles. 


Table  VI. 


Description  of  filter. 


Burnt  ballast..., 

Pea  ballast 

Coke  breeze   . . . . 

Sand    

Proprietarj  filter 


Average  oxygon 

absorbed  in 

fonr  hours.    Grains 

per  gallon. 

Average  albuminoid 

ammonia. 

Grains  per  gallon. 

Grade 
effluent. 

FUtrate. 

Crude 
effluent. 

FQtrate. 

1-881 
1-881 
1-881 
1-725 
1-881 

1-072 
0-880 
0-711 
1-001 
0-721 

0-243 
0-257 
0-262 
0-250 
0-267 

0-125 
0-142 
0-103 
0-132 
0-106 

llil 


Per  cent. 
43-3 

52-3 

62-2 

42-0 

61-6 
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In  Table  VI.  are  given  the  results  of  numerous  analyses 
mode  in  each  case  during  the  months  of  June,  Julj,  and 
August,  1892. 

From  the  results  obtained  it  appeared  that  a  considerable 
amount  of  purification  could  be  effected  by  any  filtering 
material,  the  desiderata  evidently  being  porosity  and  con- 
sequent power  of  re-absorbing  atmospheric  oxygen.  For 
foul  waters  sand  proved  too  fine,  whilst  the  burnt  ballast 
used  was  too  coarse.  Coke  breeze  seemed  to  unite  the 
necessary  qualifications,  and  as  it  is  also  a  cheap  material  it 
-was  selected  for  the  further  trials  on  a  large  scale.  There 
can  be  little  doubt,  however,  that  the  question  of  cost  of 
material  should  bo  allowed  to  decide  what  should  be  used 
for  a  filter  in  any  given  place,  since  burnt  ballast  or  gravel 
may  be  made  much  more  effective  by  using  a  greater  depth 
of  more  finely-granulated  material,  combined  with  a  slower 
rate. 

In  the  course  of  the  above  experiments,  numerous  gelatin 
plate  cultivations  were  made  to  ascertain  the  effect  of  filtra- 
tion upon  the  number  of  micro-organisms  present.  The 
number  in  the  tank  efHuent  before  filtration,  and  in  the 
filtrates,  was  found  to  vary  very  considerably,  those  in  the 
filtrate  generally  being  present  in  larger  numbers ;  but  it 
Boon  became  apparent  that  the  presence  of  comparatively  fewer 
or  more  microbes  afforded  no  indication  of  the  degree  of 
purification  effected,  the  main  point  being  that  the  presence 
of  a  large  number  of  organisms  was  evidence  of  the  activity 
of  the  process  of  splitting  up  the  organic  compounds  in  the 
sewage  matters  passing  through  the  filters.  A  considerable 
reduction  or  a  practically  complete  removal  of  organisms 
might  have  been  effected  by  the  use  of  a  finer-gi'ained 
material  and  slower  filtration ;  but  the  object  held  in  view 
during  the  experiments  was  the  attainment  of  the  highest 
degree  of  speed  consistent  with  such  purification  as  would 
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remove  iill  objeetlortable  chanictei's  sueli  as  odouTj  colour,  and  j 
liability  to  putrefaotionp 

Hertes  No,  2, 

In  the  second  series  of  experiments  a  filter  was  constructed 
covering  one  acre  of  land.  The  groimd  was  levelled,  and 
embanked  where  necesearj,  aud  perforated  drains  were  laid, 
meeting  in  a  common  trunk  for  disohai'ge.  The  filtering 
material  consisted  of  3  ft.  of  pan  breeze  covered  with  3  in.  of 
grayel 

(a)  In  the  first  part  of  the  series  under  notice,  the  special 
objec^t  of  the  experiments  was  rather  the  aseertaipang  of  the 
rat©  at  which  it  was  possible  to  pass  effluent  through  the 
filter^  and  not  the  manner  of  produeing  the  best  resalta.  The 
filter,  however,  speedily  became  clogged,  and  after  the  sixth 
week  all  the  filtrates  were  putrid.  The  daily  quantity  that 
oould  be  passed  decreased  rapidly,  until  at  the  end  of  twelve 
weeks  the  filter  was  quite  useless,  beiag  putrid  tiiroughout. 
Valuable  infonimtion  was  thus  gained :  for  it  was  shown 
that  rest  and  aeration,  are  vital,  and  also  that,  in  order  to 
obtain  the  best  work  from  a  filter,  the  quantity  poured  ou  it 
must  increase  very  gradually,  m  as  to  permit  of  the  proper 
biological  condition  being  reauhed.  The  rate  of  working 
varied  from  close  on  one  million  to  a  quarter  of  a  million 
gallons  per  diem.  The  filling  was  duiing  several  weeks 
continued  until  the  water  stood  6  in»  above  the  surface  ;  when 
the  filter  was  emptied  the  top  portion  ran  through  without 
having  time  for  purificiition,  and  thus  doubtless  aided  greatly 
in  reducing  the  efficiency  of  the  filter  during  this  set  of 
experiments. 
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The   analytical  results  obtained  during  this  period  are 
given  in  Table  VII. 

Table  VII. 


DATE. 

abMorbed 

in  four  hours. 

OrainH 

per  gallon. 

Average 
albuminoid 
ammonia. 

OrainJi 
per  gallon. 

nitrogen 
as  nitrate. 

OiuinH 
per  gallon. 

1 

1 

■J* 

1 

i 

1 

p 

i 

g 

i 

s 

§ 

S 

< 

1893. 

Per  cent. 

28th  Sept.  to  6ih  Oct.. 

3-631 

2-128 

— 

— 

0-000 

0-083 

410 

9th  Oct.  to  13th  Oct.  .. 

2-884 

0-509 

— 

— 

0-029 

0-216 

820 

Kith  Oct.  to  20th  Oct.. 

3-295 

0-502 

— 

— 

0-029 

0-117 

85-0 

23rd  Oct.  to  30th  Oct.. 

3-915 

1-447 

— 

— 

0-103 

0-021 

63-0 

30thOct.  to6thNov... 

4-420 

1-546 

— 

— 

0-000 

0-000 

66-0 

6th  Nov.  to  13th  Nov.. 

4-404 

1-285 

0-394 

0-110 

0-283 

0-203 

71-0 

13th  Nov.  to  20th  Nov. 

4-122 

1-125 

0-368 

0-097 

0-299 

0-317 

73-0 

20th  Nov.  to  27th  Nov. 

4-.'?36 

1-203 

0-403 

0-091 

0-304 

0-241 

72-0 

27th  Nov.  to  4th  Doc.. 

4-832 

1-135    0-457 

0-119 

0180 

0175 

77-0 

4kh  Dec.  to  8th  Dec.  . . 

4-745 

1070  1  0-435 

0-109 

0-077 

0080 

77-0 

11th  Dec. to  18th Dec.. 

3-821 

0-979    0-401 

0-092 

0-021    0-130 

76-0 

19th  Dec.  to 23rd Dec.. 

4-877 

1-387 

0-393 

0-191 

0  000 

0-000 

71-6 

(b)  The  first  series  of  experiments  on  biological  lines, 
conducted  with  the  same  filter  as  the  preceding,  was  then 
commenced.  The  surface  was  raked,  and  the  bed  was  allowed 
to  rest  during  three  and  a  half  months.  For  fully  three 
months  of  that  time  a  putrid  odour  was  observable  when  the 
filter  was  disturbed,  but  this  gradually  disappeared,  and 
during  the  last  fortnight  the  coke  breeze  was  perfectly  sweet. 
From  that  time  the  filter  was  kept  practically  constantly  at 
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work  for  nearly  a  year,  the  onlj  rest  of  any  length  being 
from  the  17th  November,  1894^  to  the  2nd  January,  1895, 
when  facilities  for  more  rapid  emptying  were  mad©  in  the 
arrangemPTits, 

The  process  adopted  was  to  begin  with  small  quantities, 
the  filter  being  filled  and  Gmptied  only  twice  daily,  Tvith  a 
view  to  getting  it  into  the  necessary  bacterial  condition. 
This  was  coraraenced  on  the  2nd  April,  1894,  and  continued 
for  a  few  weeks,  the  purification  effected  gradually  rising. 
The  quantity  of  effluent  parsed  was  about  500,000  gallons 
per  diem,  and  the  purification  between  70  and  80  per  cent* 
The  highest  state  of  efficiency  was  reached  on  the  3rd 
May,  or  after  a  full  month's  working.  The  purification 
reached  83  per  eent.,  and  fi:sh  placed  in  the  filtrate  lived  for 
many  weeks.  In  fact,  fish  (minnows,  &e.)  came  up  the 
ditch  by  which  the  filter  was  emptied  to  the  very  month  of 
the  outlet. 

(o)  Alterations  were  then  made  in  the  arrangementa  for 
filling,  the  feeding  trough  heing  doubled.  The  daily  quan- 
tity was  increased  to  over  600,000  gallons,  the  analytical 
results  continuing  t(j  be  highly  Batisfaetory,  as  shown  by  the 
averages  of  the  daily  analyses  from  AnguEt  3rd  to  November 
9th,lS94. 

(d)  Towards  the  end  of  1 894  the  emptying  arrangements 
were  supplemented  by  a  pump  to  prevent  tide-locking,  and 
later  the  resting  time  was  shortened^  until  finally  the  filter 
passed  1-^  million  gallons  daily  for  sis  days,  resting  empty 
from  ID  p.m.  on  Saturdays  imtil  6  a.m*  on  Mondays,  The 
method  adopted  was  to  fill  the  filter  to  just  level  with  the 
eurface,  requiring  an  average  time  of  two  hours^  allow  ]t 
to  remain  standing  full  for  one  hour,  the  emptying  oceu- 
p}dng  an  avenige  of  five  horn's,  thus  completing  the  cycle  in 
eight  hourB,  Working  in  this  way,  the  filter  passed  an 
average  of  1,000,000  gallons  a  day,  including  all  times  of 
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rest,  during  a  period  of  eiglit  weeks,  the  filtrates  being 
clean  and  sweet,  and  the  purification  effected  78  per  cent. 
Nitrification  proceeded  satisfactorily,  and  the  filter  was 
apparently  capable  of  continuing  for  an  indefinite  time. 

A  point  of  the  greatest  importance  is  the  fact  that  the 
filter  was  able  to  do  its  work  satisfactorily  during  the  excep- 
tionally severe  weather  in  January  and  February,  1805.  A 
thin  coat  of  ice  was  formed  on  the  surface,  but  the  filtration 
proceeded  without  intermission,  the  only  noticeable  change 
being  the  decreased  production  of  nitrates. 

(e)  After  the  filter  had  been  successfully  dealing  with 
1,000,000  gallons  daily  for  about  eight  weeks,  a  large 
quantity  of  sludge,  amounting  to  at  least  ten  tons,  was  run 
upon  it  accidentally.  This  occurred  during  the  week  ending 
23rd  February.  The  result  was  an  immediate  falling  off  in 
the  quality  of  the  filtrate  ;  a  putrescent  odour  was  observed, 
and  finally  the  filter  had  to  be  throwTi  out  of  work. 
Remarkable  evidence  of  the  recuperative  power  of  the  coke 
breeze  was,  however,  obtained,  as  after  twenty  days'  rest  it 
was  quite  sweet  again,  nothing  objectionable  being  observed 
on  digging  down  to  a  depth  of  about  2  ft.  The  coke  had 
only  the  odour  of  ordinary  earth  when  moist,  and  on  being 
burnt  gave  no  objectionable  smell.  On  resuming  work, 
twenty-eight  days  after  resting,  satisfactory  results  were 
again  obtained. 

From  this  time  until  the  end  of  September  in  the  same 
year  the  filter  was  kept  continuously  at  work  (except  during 
one  week  in  August)  on  the  same  system,  viz.,  alternate 
filKng,  resting  full,  and  emptying,  with  twenty-four  hours' 
entire  rest  each  week.  The  results  are  shown  in  the  following 
table  ;  the  figures  given  are  averages  of  daily  analyses,  each 
sample  being  a  mixtiu'e  of  quarter-hour  samples  from  each 
filling  and  emptying. 
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^fHuent  and  tlie  filtrate  respectively,  araoimted  toS-^Otxjns* 
makings  vdi\i  the  110  tons  of  suspended  organic  matter,  a 
total  of  360  tons.  The  orgimio  matter  that  remained  in  the 
filtrate  was  iii  eufh  a  conditioa  that  no  signs  of  after-pntre* 
faction  were  exhibited,  however  long  the  filtrate  was  kept, 
either  undiluted  or  diluted,  in  open  or  dosed  bottles. 

From  these  results  it  appears  that  the  action  of  a  hacteria 
bedj  or  so-called  "filter/'  is  two-fold.  (1)  It  sieparates 
niecbanically  all  gross  particles  of  suspended  niatter,  and 
renders  the  effluent  clear  and  hright.  (2)  It  effects  the  oxi- 
dation of  organic  matters,  both  those  in  suspension  and  those 
in  solution,  through  the  agency  of  lining  organisms.  It  is  tb© 
establishment  and  cultivation  of  these  organisms  wluuh  is  to 
be  aimed  at  in  the  SL'ientifio  process  of  purification  bj  filti*ation. 

Three  conditions  are  essentiah  Fireit,  there  must  be  a 
suitable  contact  material  which  attracts  and  retains  the 
organic  matter;  seoondlj,  the  organisms  must  be  supplied 
with  plenty  of  air;  and,  thirdly,  there  must  be  present  a 
base,  such  as  lime,  with  which  the  nitric  acid  can  combine. 
Filtration  on  biological  lines  of  sewage  or  other  foul  water, 
containing  in  solution  but  little  free  oxygen  and  a  large 
quantity  of  oxidisable  organic  matter^  therefore  means : — 

(1)  That  the  filter,  by  cautious  increments  in  the  quantity 
of  efiluent,  w^hich  in  itself  contains  the  necessaiy  organisms^ 
must  be  gradually  brought  to  a  state  of  high  efficiency, 
which  condition  will  be  shown  by  the  existence  in  the  filtrate 
of  nitric  acid  in  the  form  of  nitrates, 

(2)  That  the  contact  of  the  micro-organisms  w^th  the 
efHuent  to  he  purified  must  be  effected  by  leaving  such 
efiluent  to  rest  in  the  filter  for  a  greater  or  less  time, 
according  to  the  degree  of  purification  required,  the  process 
being  analogous  to  that  of  fermentation. 
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(3)  That  after  each  quantity  of  effluent  has  been  dealt 
with  the  micro-organismfl  must  be  supplied  with  air,  which 
ifl  readily  effected  by  emptying  the  filter  from  below, 
whereby  air  is  drawn  into  the  interstices.  The  filter  must 
stand  empty  for  an  hour  or  more  previous  to  another  filling, 
and  a  longer  period  of  aeration,  say  twenty -four  hours,  must 
be  allowed  every  seven  or  eight  days. 

The  life  of  a  coke-breeze  filter  worked  in  this  way  is 
practically  without  limit. 

From  the  general  results  obtained  by  these  several  trials 
under  various  actual  working  conditions,  it  is  apparent  that 
there  is  no  difficulty  in  obtaining  any  desired  degree  of 
purification  by  means  of  a  system  of  filtration  conducted 
on  biological  principles.  If  a  higher  degree  of  purity  be 
required  than  that  indicated  by  the  foregoing,  it  can  be 
obtained  by  an  augmentation  of  the  filtering  appliances  at  a 
comparatively  small  cost,  as,  where  clay  is  obtainable,  the 
method  of  construction  employed  in  making  the  new  burnt 
ballast  filter  bed  at  Sutton,  Worcester  Park,  Harrow  and 
elsewhere  may  be  adopted,  viz.,  by  simply  digging  out  the 
clay  to  form  a  pit  about  3  ft.  deep,  and  filling  it  up  with 
the  same  clay  after  thorough  burning,  and  thus  a  cheap  and 
efficient  filter  bed  is  obtained,  the  cost  of  the  large  filter  bed 
at  Sutton,  having  an  area  of  4,454  square  feet,  or  rather 
more  than  one-tenth  of  an  acre,  being  less  than  100/.,  in- 
cluding all  charges. 

By  such  a  system  the  necessity  for  costly  farms  is  entirely 
obviated.  The  results  are  completely  under  control,  and  the 
filters  can  be  arranged  to  suit  all  necessary  requirements. 

Continued  Experiments  with  London  Sewage. 

Such  was  the  position  in  1897  when  I  resigned  the 
post    of    chemist    to    the    London    County    Council   and 
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Dr.  Clowes  was  appointed  as  my  suoces&or.  After  inBpeoting 
and  carefull J  conBidering  the  operations  at  the  outfaUs  in  the 
Thames  he  arrived  at  the  conolusion  that  the  work  in  con- 
nection with  the  hacterial  treatment  of  the  London  sewage 
should  he  continued.  This  was  sanctioned  by  the  Main 
Drainage  Committeej  and  Dr,  Houston  was  retained  to 
cany  on  the  bacteriological  investigationB,  After  three  pre- 
liminary reports,  Dr.  Clowes  finally  reported  on  the  17th 
April  J  1902,  in  favour  of  the  adoption  of  the  system  of 
baeterial  treatment.  The  following  extracts  from  this  valuable 
report*  will  be  read  with  interest : — 

At  the  time  of  mj  appointment  as  chemical  adviser  to  the  Cotmcil, 
the  results  arrived  at  by  my  predecessor  were  eo  promising  that  I 
strongly  recommended  their  oontinuance  on  an  extended  scale  ;  and 
for  four  yeari,  with  the  assistance  of  the  chemical  staff  and  with  the 
eo-operatioii  ol  the  euperinteadenta  at  the  outfalls,  I  have  conducted 
this  experimental  purification  of  the  sewage  effluent,  and  have  am?ed 
now  at  results  and  conclusione  which  I  am  convinced  are  of  the  greatest 
importance,  and  are  worthy  of  ike  meet  serious  consideration  of  the 
committee  and  d  the  Oouncii, 

Jkaeriptum  of  the  BacterimI  E^£^pmri7mnU. 

When  I  recommended  the  committee  to  continue  the  experimental 
treatment,  there  was  a  large  haetorial  coke-hed,  one  acre  in  area,  at 
the  Noilhern  Dutfsll  which  was  dualing  with  a  amaU  portion  of  the 
proesent  eHiuent  he  fore  it  entered  the  river.  This  bed  was  arranged 
only  to  treat  the  chemical  effluent ;  it  was  not  of  satisfactory  construc- 
tion ^  nor  was  it  filled  with  fiuitable  coke  material.  Further^  it  was 
impossible,  owing  to  its  low  level,  to  empty  it  at  all  states  of  the  tide, 
and  accordingly  it  oould  not  bo  filled  as  often  as  was  necessary,  in 
order  to  obtain  the  knowledge  which  was  required.  At  the  desire  of 
the  committee,  however,  this  bed  has  been  miiintained  in  action  for 
over  eight  years,  and  it  is  now  still  giTing  admirable  results  in 
purifying  the  present  sewage  effluent. 

But  with  the  eanction  of  the  committee*  I  have  had  in  constant 
opera tioUj  and  under  most  careful  observation,  a  SOTies  of  smaller  ooke- 
beds.     These  beds  have  received  a  special  supply  of  raw  sewage  which 

•  Heport  to  tli(*  London  Conn^  Council  by  the  Chemlfit,  April  17th,  1902. 
Ko.  603. 
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came  direct  from  the  main  sewer,  and  was  entirely  unmixed  with 
chemicals.  The  process  of  working  these  beds  has  been  subject  to 
constant  improvements  and  extensions,  which  have  been  suggested  by 
experience  and  observation.  I  will  only  hero  describe  the  final  method 
of  experimental  treatment  which  has  been  adopted. 

The  raw  sewage,  which  has  been  screened  from  its  coarser  matters 
only,  is  pumped  continuously  into  a  settling  tank,  the  rate  of  supply 
being  so  adjusted  to  the  capacity  of  the  tank  that  the  sewage  remains 
about  six  hours  in  the  tank  before  it  flows  away  through  an  elbow  pipe 
from  beneath  the  surface  of  the  liquid  into  the  coke-bods. 

In  this  tank  practically  the  whole  of  the  suspended  or  floating  par- 
ticles of  the  sewage  settle  as  sludge,  and  are  allowed  to  remain  un- 
disturbed. It  is  found  that  a  considerable  proportion  of  this  sludge 
disappears  by  bacterial  action.  During  the  first  period  of  six  months, 
before  the  bacterial  action  was  fully  started,  25*6  per  cent,  of  the 
sludge  disappeared,  and  during  a  subsequent  similar  period  more  than 
60  per  cent,  of  the  sludge  was  removed  by  bacterial  action.  The 
portion  which  disappeared  was  the  most  putrosciblo  portion  of  the 
sludge,  which  is  at  present  carried  to  sea  in  the  Council's  kludge  boats. 
Its  disappearance  would  reduce  the  freight  which  these  boats  are 
required  to  remove.  But  it  is  probable  that  a  considerable  further 
reduction  in  the  *•  sludge"  cargoes  might  be  effected  by  properly 
devised  detritus  settling  tanks  in  which  road  sand  would  subside,  and 
from  which  it  might  be  removed  to  the  marshes  without  giving  offence. 
This  reduction  in  the  amount  of  sludge,  which  is  secured  by  bacterial 
action  alone,  would  be  of  the  greatest  importance. 

The  sewage  as  it  flows  from  the  settling  tank  lb  less  pure  than  the 
effluent  which  is  at  present  discharged  into  the  river  at  Crossness,  and 
is  quite  unsuitable  for  direct  discharge  into  the  stream.  But  by  the 
subsequent  coke-bed  treatment  it  is  rendered  suflBciently  pure  to  sup- 
port the  life  of  fish,  and  to  insure  it  against  undergoing  even  in  summer 
.time  any  offensive  change. 

In  the  experimental  treatment,  the  settled  sewage  is  therefore 
allowed  to  flow  into  a  coke-bed,  which  is  a  tank  filled  with  suitable 
coke  fragments  to  a  depth  of  six  feet.  As  soon  as  the  bed  is  filled  to 
the  surface  of  the  coke  the  supply  is  stopped,  and  the  sewage  liquid 
is  allowed  to  remain  in  contact  with  the  coke  for  two  hours.  It  is 
then  drained  off  from  the  bottom  of  the  bed,  and  constitutes  the 
**  bacterial  effluent."  After  the  liquid  has  flowed  away,  the  coke-bed 
remains  empty  for  two  hours,  and  is  then  refilled  with  a  fresh  supply 
of  the  settled  sewage,  which  is  treated  in  precisely  the  same  way  as  the 
preceding  charge.  The  coke-bed  receives  and  purifies  four  charges  of 
settled  sewage  in  the  twenty-four  hours. 

f2 
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Ctmclmiotis  arrivfd  at  by  thi  Eiftrmtntal  TrmtmenL 

ThjB  points  which  hm&  h^en  eetabHihed  hy  the  oxperimental  work 
are  the  lotlowing :-— 

1.  That  by  suitable  contmuoiiB  mifUBtxtrbed  sediinentation  the  raw 
BO  wage  IS  deprived  of  matter  which  would  choke  the  coke -beds, 
and  the  sludge  which  eettles  out  is  reduced  in  amount  by 
bacterid  action  to  a  very  considerable  extent.  This  reduction 
might  nnileubtodly  be  increased  by  the  preliminai^  removal  of 
road  detrittLS. 

2-  That  the  coke- bode,  after  they  have  developed  their  full  purifying 
power  hy  um^  have  an  average  aewage  oipacity  of  about  30  per 
cent  of  the  whole  Ffpat:o  which  has  been  filled  with  coke. 

3*  That  the  eewago  capacity  of  the  coke -bed,  when  the  bed  is  fed 
with  settled  sewage,  fluctuatea  slightly,  hut  undergoes  no  per- 
manent reduction.  The  bed  does  not  choke,  and  its  puiifying 
power  undorgoea  steady  improvement  for  some  time. 

4.  That  coke  of  euitable  quahty  does  not  disintegrate  during  use* 

5.  That  the  ** bacterial  effluent^'  of  settled  sewage  from  the  coke- 

becb  does  not  undergo  offensive  putrefaction  at  aU,  even  in 
summer  heat,   and  can  never  become  offensive*      That  tbia 
effluent  satiefact*>rily  rapports  the  I'espiration  of  fish. 
6*  That  the  use  of  chemicals  is  quite  unnecessary  under  any  circum- 
etances  when  the  above  method  of  treatment  is  adopted. 


1 


Ii^oommmda!^na  fmind^  on  the  ^bove  Cmdmione, 

It  would  appear  desirable,  therefore,  without  delay,  to  commence 
the  treatmont  of  the  London  sewage  by  the  above  bacterial  method. 
The  coaistniction  of  the  necessary  works  will  take  time  and  will  involve 
expenditure^  but  unlef^s  it  is  taken  in  hand,  all  oouMderationa  tend  to 
show  that  owing  to  the  increased  abstraction  of  water  by  the  water 
companies,  both  at  their  existing  intakes  and  at  the  newly  constructed 
reservoirs  for  storm  water  at  Staines,  a  large  portion  of  the  lower  river 
will  continuously  deteriorate*  Hiis  deterioration  would  arise  from  the 
increase  in  the  amount  of  the  discharge  of  sewage  efl9.uent  and  the 
decrease  in  the  upper  river  flush.  Possible  trouble  arising  from  these 
causes  will  be  absolutely  proven tetl  by  adopting,  under  proper  con- 
ditions and  on  a  large  scale,  the  treatment  which  has  been  strikingly 
succemfid  on  the  experimental  scale.  It  must  be  remembered  that 
the  condition  of  the  river  cannot  be  improved  by  any  suddenly  adopted 
action. 

If  the  treatment  is  introduced  without  delay  and  is  gradually 
extended  it  may  reasnnably  be  expected  that  the  increasing  deteriora- 
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tion  in  the  lower  river  water  will  first  be  checked  and  will  ultimately 
be  prevented ;  while  the  gradual  development  of  the  treatment  will 
cause  the  expenditure  to  be  spread  over  a  period  of  years,  and  will 
prevent  it  from  being  unduly  burdensome. 

It  must  be  remembered  that  the  present  settling  channels  would 
serve,  as  at  present,  for  settling  purposes,  but  by  the  altered  method 
of  working  them  they  would  also  act  as  sludge  destroyers.  They 
should,  however,  undoubtedly  be  preceded  by  grit  chambers.  It  must 
be  further  borne  in  mind  that  the  expense  involved  in  the  purchase 
and  application  of  chemicals  would  be  dispensed  with. 

By  a  considerate  adoption  of  the  method,  therefore,  the  expenditure 
might  be  distributed,  and  need  not  be  large  at  any  one  time. 

A  fuller  statement  of  details  is  supplied  in  subsequent  sections. 

Summary  of  Information  furbished  by  Towns  and  Districts  in  which 
the  Bacterial  Treatment  of  Sewage  has  been  employed. 

A  careful  consideration  of  all  the  information  obtained  from  the 
various  centres  where  bacterial  treatment  has  been  tried  convinces  me 
that  the  process  has  been  uniformly  successful  when  the  construction 
and  use  of  the  necessary  plant  has  been  reasonably  and  properly 
carried  out.  The  only  exception  that  appears  possible  to  this  general 
statement  is  interference  which  is  caused  by  the  sewage  being  of  a 
very  unusual  character. 

The  following  summary  includes  the  opinions  which  have  been 
expressed  by  all  the  authorities  who  have  tried  the  bacterial  system  of 
sewage  treatment  and  have  reported  to  me  on  their  work : — 

Accrington, — ^The  whole  of  the  sewage  is  treated  by  the  bacterial 
method,  and  the  results  are  satisfactory. 

Acton. — The  experimental  treatment  was  successful,  and  the  effluent 
was  approved  of  by  the  Thames  Conservancy.  The  whole  of  the 
sewage  is  to  be  treated  bacterially. 

Alder  shot, — "When  this  is  done  (the  construction  of  secondary 
coke-beds)  I  think  Aldershot  will  have  every  reason  to  be  proud  of 
the  manner  in  which  it  has  solved  the  very  difficult  question  of  how 
to  dispose  of  the  sewage  in  a  satisfactory  manner,  and  will  have  one  of 
the  most  efficient  s^^stems  in  the  kingdom."  Annual  Eeport  of  the 
Medical  Officer  of  Health  for  1901. 

Bamsley. — The  result  of  a  temporary  experiment  was  satisfactory. 

Birmingham. — The  engineer  to  the  Birmingham,  Thame  and  £ea 
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Difltriot  Drainag©  Board  fttatea :— **ThG  result*  obtaiti©*!  were  perfectly 
safflcient  to  warrant  me  in  saying  that  the  sewage  of  the  Birmingham, 
Thame  and  Eea  dietrict  can  be  efficiently  treated  on  prepared  bacteria- 
beds." 

Bristol. — The  degree  of  puiity  of  the  effluent  irom  bacteria-beda  is 
satisfactory. 

Burnhif, — -'^We  are  convinced  that  tihe  acheme  adopted  by  your 
committoo  will  prove  an  efficient  one,  and  that  the  treatment  of  the 
sewage  of  tho  borough  will  he  carried  out  in  a  more  satififactory 
manner  and  with  less  cost  by  this  eyi^tom  (bacterial  tank  supplemented 
by  land)  than  it  could  be  by  any  other  which  hae  come  under  our 
notice."  Highways  and  Sewage  Department  of  the  County  Borough 
of  Burnley,  Beport  on  Sewage  Bi^tosal,  23rd  April,  1901,  p.  20. 

BuTif. — "From  the  results  obtained  up  to  tho  present,  the  Corpora- 
tion have  decided  to  extend  tJio  work^  on  similar  lines"  {i.t.^  chemical 
treatment  foDowed  by  subsidence  and  by  bacteria -bede)* 

Vhorley, — **  If  we  had  to  start  dt  nm-o^  we  should  adopt  exactly  the 
same  principle "  (chemical  precipitation  followed  by  bacterial  treart- 
ment). 

Dfifwen, — **  Having  already  proper  precipitation  tanks  and  filter 
(coke)  beda,  ure  do  not  think  it  adyi^ble  to  change  the  system,  as  we 
are  obtaining  satiefactoi-y  results  \  but  if  a  new  scheme  were  to  be 
laid  down,  many  modifications  would  be  made." 

Ohi^jow.—Th^  effluent  from  the  bacterial  treatment  was  stated  on  a 
recent  visit  from  an  officer  of  the  council  to  be  entirely  satiflfactory 
and  non-putrescible. 

ffatlttenjieid.^*^  Owing  to  the  final  effluent  being  frequently  unsatis- 
factory, and  also  to  the  rapid  decrease  of  the  capacity  of  the  cobj-bq 
bed,  the  use  of  this  syt^tem  on  a  large  scale  is  not  contemplated.  The 
sewage  of  Hudderefield  is  of  an  exceptional  character." 

Myde. — A  complete  scheme  of  sewage  treatment,  based  upon  the 
reeults  of  e3q>eriments  of  bacterial  treatment,  has  been  submitted  to 
the  Local  Government  Board  for  approval, 

Kfi'ifhlt'tf, — The  borough  engineer  states:  '*In  my  opinion*  bacterial 
treatment  ought  to  satisfy  any  river  authority.  My  council  do  not 
intend  putting  down  a  permanent  installation  m  long  as  our  present 
system  of  intennittent  land  filtration  is  satisfactory.  There  is  no 
doubt  tho  bedB  will  gradually  become  choked ^  but  to  cleanse  or  renew, 
I  think,  woiild  be  cheaper  than  chemical  treatment." 

KeUermg,^*^The  provision  of  filter-beds  has  very  much  improved 
the  character  of  tli©  effluent." 
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Z^ttfo. — The  chairman  of  the  Leeds  Sewerage  Committee  states  that 
the  results  from  a  process  of  continuous  bacteria- bod  treatment  '*  are 
very  good  indeed,  giving  a  purification  of  95  per  cent." 

Leicester, — A  process  of  bacteria-bed  treatment  followed  by  final 
purification  on  land  has  been  favourably  reported  upon  by  the  borough 
engineer  and  surveyor.  See  report  to  the  Highway  and  Sewerage  and 
Sewage  Works  and  Farms  Committee,  1900,  p.  122. 

Lincohu — The  city  surveyor  says:  "The  external  authorities 
(through  whose  districts  the  effluent  stream  runs),  who  previously  had 
been  dissatisfied  with  our  farm  and  polarite-bod  effluents,  have 
expressed  themselves  satisfied  with  our  bacteria-bed  effluent ;  wo  there- 
fore are  completing  an  installation  to  deal  with  all  our  sewage." 

Manchester. — Extract  from  the  Annual  Eeport  of  the  Rivers  Depart- 
ment for  the  year  ending  27th  March,  1901,  p.  74  :—**  The  result  of 
the  work  recorded  in  the  foregoing  pages,  whUe  emphasising  the 
necessity  for  care  in  the  construction  and  management  of  sewage 
purification  work,  gives  the  committee  every  encouragement  in  carry- 
ing out  the  scheme  for  the  bacterial  treatment  of  Manchester  sewage 
according  to  the  general  principles  advised  in  the  Experts'  Eeport, 
1899,  and  sanctioned  by  the  Council  on  September  6th,  1900."  The 
experts  recommended  preliminary  sedimentation  and  screening, 
followed  by  bacteria-tank  and  bacteria-bed  treatment. 

Middleton, — The  borough  surveyor  states: — "If  of  sufficient  area 
and  properly  managed,  they  (bacteria-beds)  will  act  satisfactorily." 

Nelson, — The  results  obtained  by  experimental  bacteria- beds  were 
quite  satisfactory. 

Oldham, — Extract  from  a  report  entitled  "  The  Treatment  of  Old- 
ham Sewage  in  the  year  1900,"  by  the  Medical  Officer  of  Health, 
p.  3 :  "With  the  exception  of  a  few  days  during  the  year,  when  the 
weather  was  very  dry,  the  method  (bacterial  treatment)  has  been 
entirely  successful." 

Ormskirk, — The  surveyor  states  that  "the  results  obtained  at  the 
council's  farm,  after  the  sewage  running  through  lagoons  into  settling 
tanks  and  then  run  on  to  the  land  and  afterwards  through  the  coke 
breeze  filter  beds,  are  very  satisfactory  and  meet  the  requirements  of 
the  authorities." 

Oswestry. — The  town  clerk  states  that  they  "  have  no  doubt  as  to  the 
success  of  the  bacterial  treatment.  Our  results  are  continuously  satis- 
factory, and  the  effluents  keep  free  from  putrescence." 

Beigate. — The  result  of  three  years'  searching  trial  is  so  satisfactory 
as  to  encourage  the  council  to  sanction  the  outlay  and  adopt  a  scheme 


79 


Contimmi  Zmidon 


Tabiilation  of  the  Besults  of  the  Chemical  Examination 

various  Coke- 
I,— BAEKING 

Table  IX> — Averages  0/  Fig k yes  relating  to  the  Treatment  of  Sewage 
All  quantities^  except  where  otherwise  stated, 
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12084 
11*856 
11-745 
11*651 
10-897 
10-578 
10*677 
11-703 
12*136 
12"219 


11-703 


Br(hed«ai 
liquid. 

putrescibk 
mutter.  J 


6*526 
6-299 
6-668 
6-662 
6*239 
4*940 
4*663 
4*719 
6014 
6-247 
fi-766 
5*908 


Effluent  from  tbe  flbtimloillf  treated  an^ 

aediineated  aevi'sgij  ka  supplipd  to  the 

wke-bcd  ("  c^omioal''^  eUluent). 


Ojct^cti  absorb^  from 

pataKDe&nnia  ia  4  boxirs 

atfiO^F. 


By  tbecmde 
UriuJd. 
(Total 

patroBcibb 
luatter.) 


6*543 


6-579 
7'6tl 
6*557 
5*902 
6*893 
6*393 
4-780 
4*501 
4-316 
5'615 
6-282 
6*^61 


6-826 


6-629 
e-736 
7-626 
7-781 
6*678 
6*018 
6-136 
7-019 
6*997 
7*377 
7*417 
7-989 


7-0X6 


8*010 
7-350 
7-760 
7-706 
7-366 
7-166 
5-847 
6*921 
6*337 
7*431 
7-732 
7*911 


7-219 


Bf  the  d«ar 

liquid, 
{Bioaolred 
patreocible 


4*967 
61 34 
6-074 
6^409 
5-022 
4-366 
4*203 
3-974 
6-106 
5-042 
6*175 
6*650 


fflsTOfUfl 

uitngm. 


6*344 


6-785 
6-242 
6-673 
6*278 
6*927 
3-456 
4*248 
3-965 
4*336 
6*376 
5-841 
6-419 


6-649 


0*0656 
0-1271 
9-0667 
9-0181 

NU 
0*0022 

NU 

Nil 

Nil 
0-0004 
0-0015 
0-0276 


0-0246 


0*0367 
0^0368 
0'0663 
0-0230 
0-0036 

Nil 
0-0081 

Nil 

Na 

0-0023 
0-0098 
0-0466 


0-0186 


KItrid 


9-1430 
0*9907 
0-0936 
0-0234 

Nil 
0-0030 
0-0235 
0-0070 

Nil 
0  0377 

Nil 
0-0936 


0-0594 


9-1020 
0*1606 
0*0766 
0*0064 
00900 
Nil 

Nil 
Nil 
Nil 

Nil 
0*0164 
0*0623 


0-0346 


Arerag©  peroeumge  purifisation  affected 

on 

tbe 

^^cbemioal^ 

'  effluent 

by 

the  bacteiiiil  treatment  during 

1909 

*l                                         »i 

t> 

il 

1901 

tl                                         >J 

»t 

>» 

- 

1900-1 

Average  pepcrn^njre  pnrificjiticwi  fleeted  on  tbe  ctadc  aowsge  by  tbe 

nliemlo&l  and  bacterial  treatmcnta  oumbined  during  . .             . ,  „  1999 

M  .*  1991 

..                                 H                                   N                                      I,  ..  1900-1 
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of  the  Crude  Sewage,  of  the  ^'  Chemical"  EfSluent,  and  of  the 
Bed  Effluents. 
RESULTS. 

Effluent  in  the  One-acre  Coke-bed  at  the  Northern  Outfall  Works. 
are  expressed  in  parts  per  100,000. 


EfBnent  from  the  eoke-bed. 

Number 

Average 

litSO^P. 

Nitrous 

Nitric 

from  the  chemically 

treated  and 
sedimented  sewa^ 
which  was  passed 
on  to  the  coke-bed 

of  times 

the 
ooke-bed 
wasfiUed 

per 

quantity  of 

was  passed  on 
to  the  bed 

each  time  of 

97  the  erode 
Ugidd. 

JJUUVWaDie 

By  the  dear 

liquid. 
(Dinolved 
putrcadble 

nitrogen. 

nitrogen. 

per  month. 
Gallons. 

month. 

tilling. 

matter.) 

matter.) 

0-890 

0-723 

0-0330 

0-7605 

23,356,361 

52 

449,161 

0*898 

0-753 

0-0362 

1-0868 

18,400,442 

46 

400,010 

0-998 

0-866 

00352 

1-0071 

18,354,936 

52 

352,980 

1-086 

0-934 

0-0439 

1-2021 

14,391,847 

42 

342,663 

0-972 

0-840 

00444 

0-9490 

17,015,411 

52 

327.219 

0-939 

0-760 

0-0542 

0-9053 

13,792,523 

43 

320,756 

0-999 

0-792 

0-0501 

0-6007 

16,002,669 

50 

320,053 

1010 

0-808 

0-0502 

0-8458 

12,168,147 

38 

320,214 

1-029 

0-840 

0-0991 

1-2353 

15,823,348 

46 

343,986 

1019 

0-848 

0-0691 

1-3078 

18,044,051 

52 

347,001 

1-131 

0-979 

0-0743 

1-3023 

16,025,918 

46 

348,390 

1-083 

0-942 

0-0608 

1-3347 
1-0429 

15,630,440 

44 

355,237 

1-003 

0-840 

0-0541 

199,006,093 

563 

353,474 

1023 

0-919 

0-0626 

1-1776 

18,413,046 

52 

354,097 

1-161 

1-055 

0-0872 

1-3095 

16,121,827 

46 

360,474 

M26 

1-039 

0-0701 

1-3298 

16,924,070 

50 

338,481 

M23 

1-OU 

0-1004 

1-1117 

15,481,724 

46 

336,559 

1-158 

1-029 

0-1176 

0-6283 

16,558,407 

50 

331,168 

1-161 

1-010 

0-1016 

0-7862 

16,012,550 

48 

333,595 

1-021 

0-856 

0-0718 

0-7253 

16,889,950 

51 

331,176 

1-009 

0-845 

0-0710 

0-6797 

15,972,684 

48 

332,764 

0-914 

0-790 

0-0637 

1-0986 

11,751.012 

35 

335,743 

0-910 

0-790 

0-0685 

0-6663 

14,976,516 

45 

332,811 

0-952 

0-821 

0-0525 

0-8259 

16,405,221 

50 

328,104 

0-973 

0-861 

0-0741 

1-1641 

14,612,640 

44 

332,105 

1045 

0-920 

0-0782 

0-9513 

190,119,647 

565 

336,496 

85-7 
86-6 
86-6 


84-3 
83-7 
84-0 


91-3 
91-1 
91-2 


84-9 
84*2 
84-6 
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Summary  of 


for  treating^  the  wliole  of  tho  sewage  of  the  borough  on  the  lines 
adoptiKl  by  the  eiqjerimental  pbmt." 

8alf&i'd. — The  borough  engmeer  states  that  "  we  can  fuUy  depend 
upon  the  hacteria^beds  to  give  a  aatiaf actory  effluent,  eyen  when  work- 
ing night  and  day,  almost  without  mtermiBBion.'*  Permanent  beds  to 
treat  the  wholo  of  the  sewago  are  being  eonatTUcted, 

Sh^ffidd.—**  The  degree  of  pniification  obtained  has  been  unlfonnly 
satisfactory.  The  loea  of  capacity  of  the  beda  continues,  and  eaEperi- 
ments  are  being  conducted  with  the  object  of  reducing  this  as  much  as 
possible.  Permanent  works  on  bacterial  principles  are  contemplated, 
but  working  details  cannot  be  decided  upon  until  further  eaiperiments 
are  completed," 

Soidhport.—ThB  Medical  Officer  of  Health  says  that  the  *'  bacteria- 
beds  are  only  small  experimental  ones.  .  .  .  They  have^  however, 
worked  entirely  to  our  satisfaction  so  far  as  we  have  tested  them,  and 
they  have  always  produced  a  clear  and  non-pntrescible  effluent." 

WahalL — The  borough  surveyor  states  that  in  the  Bloxwich  district 
firet-elaas  lesulte  are  being  obtained  in  the  bacterial  treatment  of  the 
Bdwftge. 

Wolverlmniptmi, — The  town  clerk  states  that  the  results  of  the  coke -bed 
treatment  are  good,  but  that  a  permanent  installation  is  doubtfnl 
owing  to  the  presence  in  tho  sewage  of  iiH3n  salt*  in  large  quantities, 

York. — In  a  report  to  the  sewage  committee,  dated  October,  1901,  the 
city  engineer  states  (on  p,  41 ),  with  respect  to  an  experimental  plant 
oonpiatiug  of  an  open  tjcptic  tank  and  continuous  treatment  in  coke- 
beds,  that  the  results  were  excellent  and  the  filtrate  was  non- 
pntrescible.  That  * '  the  system  is  adaptable  for  larger  quantities  per 
square  yard  than  any  other  experiment/*  and  that  there  is  no  loss  of 
liquid  capacity  in  the  coke-bed. 


Short  Summary  of  the  Emdenee  givm  hf/ore  the  Moyai  Commi$*ton  on 

Bmm^  Disposal. 

It  has  been  suggested  that  the  resnilts  arrived  at  by  the  Eoyal 
Commission  on  sewage  di^sal  would  be  of  great  value  to  the  Main 
Drainage  Committee  of  the  Council,  The  Commission  have  now 
published  their  minutes  of  evi  deuce,  and  a  cai'eful  perusal  of  the 
evidence  given  by  the  independent  experts,  including  engineers, 
baeteriologit^ts  and  chemists,  shows  that  they  are  in  general  agreement 
in  maintaining  that  the  only  known  method  of  producing  a  satisfactory 
sewage  effluent  on  a  large  scale  is  by  the  adoption  of  one  or  other  of 
the  various  systems  of  bacterial  treatment. 


Evidence,  75 

The  bacteriologists  gaye  evidence  to  the  effect  that  the  purification 
of  sewage  was  a  combined  anaerobic  and  aerobic  process,  and  that  the 
best  results  were  obtained  by  a  more  or  less  perfect  anaerobic  treat- 
ment, followed  by  an  aerobic  treatment.  The  evidence  in  support  of 
this  view  tendered  by  Professor  Marshall  Ward  and  by  Dr.  Sims 
Woodhead,  is  mainly  based  on  theoretical  grounds,  and  will  be  found 
to  be  of  great  value  and  interest. 

On  the  other  hand,  Dr.  Adeney,  Colonel  Ducat  and  others,  claim  that 
their  processes  are  entirely  aerobic  in  their  character.  In  face  of  the 
above  evidence  this  contention  appears  very  doubtful,  and  it  is  more 
likely  that  the  one  treatment  succeeds  in  combining  the  two  processes. 

The  great  majority  of  the  witnesses  agree  that  crude  sewage  cannot 
be  successfully  treated  by  contact  beds  alone,  since,  although  the 
results  are  good  and  a  non-putrescible  effluent  is  produced,  the  liquid 
capacity  of  the  beds  diminishes  so  rapidly  that  they  soon  become 
useless. 

In  order  to  prevent  this  choking  of  the  beds  and  to  maintain  their 
liquid  capacity,  almost  all  of  the  schemes  described  include  a  preliminary 
process  of  sedimentation  which  is  in  most  cases  also  rendered  an 
anaerobic  or  so-called  **  septic  "  process.  Its  main  objects  are  to  free 
the  sewage  from  mineral  suspended  solids  and  to  cause  the  complex 
suspended  organic  solids  to  pass  into  solution  and  to  become  simplified 
in  nature.  In  the  subsequent  aerobic  process,  usually  carried  out  in 
coke-beds,  opinion  is  divided  as  to  the  respective  merits  of  a  continuous 
and  of  an  intermittent  supply.  It  must  be  said  that  those  who  support 
the  continuous  treatment  make  out  a  good  case  so  far  as  the  results 
obtained  are  concerned.  The  continuous  system  seems  to  produce 
nitrates  in  larger  amount  than  does  the  intermittent  system,  but  at 
the  same  time  the  effluent  is  by  no  means  as  free  from  suspended 
solids  which  appear  to  be  washed  through  the  bed.  Some  special 
method  of  distribution  of  the  liquid  to  the  bed  is  required  by  the 
continuous  treatment,  and  this  is  not  only  a  cause  of  additional 
expenditure,  but  also  of  additional  trouble  in  maintenance  as  compared 
with  the  intermittent  system  of  supply. 

It  is  generally  agreed  that  the  liquid  capacity  of  a  new  bed  falls 
rapidly  when  it  is  first  started,  but  it  is  maintained  that  this  decrease 
soon  ceases,  and  that  a  permanent  capacity  can  be  insured  by  an 
intelligent  working  of  the  bed.  The  extreme  capacity  values  vary 
from  20  to  33  per  cent,  of  the  whole  space  represented  by  the  bed  when 
full— including  both  coke  and  liquid.  An  average  of  about  30  per 
cent,  would  represent  the  average  permanent  capacity  of  a  working 
bed. 

Three  fillings  of  the  beds  per  day  were  advocated  by  most  of  the 
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Summary  of  Evidence. 
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witnefises,  and  the  quautity  of  sewag 
bed,  three  feet  in  depth,  was  placed  at  not  more  than  8(K),UCK)  galloni. 
This  IB  imdoubtedly  understating  tJie  capaLilitios  oi  the  bacterial 
aystem»  Deep  heda  have  given  quite  as  good  puiifying  results  sm 
fihallow  beds/ 

The  quantity  of  sludge  which  disappears  by  anaerobic  action  in  the 
eettliug  or  **  septic  "  tank  is  variously  estimated  at  from  20  to  60  per 
cent,  of  tbe  whole  amount  deposited  in  the  tank.  It  is  curious  to  »ote 
that  Mr.  Whittaker  claims  that  uo  dudge  disappears  in  his  septic  tank, 
though  ho  admits  that  largo  quantities  of  gas  are  found*  (Questions 
6742 — 65.)  In  cross-c:iamination  on  this  matter,  ho  can  hardly  be 
said  to  have  proved  his  statement. 

It  was  gencTally  admitted  that  a  septic  tank  effluent  is  capable  of 
being  rendered  non-putrescible  by  one  contact  in  an  aerobic  bed. 

ProfeasoT  Letts,  m  his  evidence  with  reference  to  the  purification  of 
Bellaiit  eewBgOj  stated  that  salt  prevented  the  formation  of  nitrates. 
Thk  perhaps  accounts  for  the  low  proportion  of  nitrates  foimd  in  the 
effluents  from  the  Crossness  beds,  as  compared  with  that  found  in  the 
effluent  from  the  Barking  beds,  since  Orossness  sewage  contains  an 
abnormal  quantity  of  salt. 

Dr*  Adeney*s  evidence  will  be  found  to  have  a  bearing  on  the  present 
and  probable  future  condition  of  the  river  Thames. 

Briofly,  it  umj  bo  said  that  although  the  experts  differed  in  small 
matters  of  detail,  they  agreed  in  the  broad  principles  of  sewage  puri- 
fiimtion  by  bacterial  means,  and  their  evidence  is  a  strong  confirmation 
of  the  results  obtained  by  the  experimental  work  carried  out  at  the 
Council's  outfall fl. 
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Table  X. — Particulars  as  to  tlie  Disappearance  of  Sludge  in  the  Settling- 
tank  at  the  Southern  Outfall  Works,     {Series  III.) 


During  tho 

period 

from 

Nov.  l8t. 

1900,  to 

Mar.  28th, 

1901. 

During  the 

period 

from 

Mar.  29th, 

1901.  to 

Oct.  6th, 

1901. 

During  the 

whde 

period  from 

Nov.  iBt. 

1900,  to 

Oct.  6tb, 

1901. 

1.                                       Ctttde  Sewage. 

Quantity  of  crude  sewage  supplied  to  settling  tank . .  gallons 

Average  amount  of   suspended  solids  (  parts  per  100,000 

in  the  orude  sewage 1  grains  per  gallon 

2. 

2,708.160 
28-1 
19-7 

3. 

2,427,260 
26-3 
17-7 

4. 

6,196,410 

•  • 

•jy.  .  ,  .      .               ,   ,     Mineral  constituents  of  solids.. lbs. 
^L^^  4pH^^o  t^     ^'^^°^'  constituents  of  8olid8..1b8. 

3,241 
4,549 

2,653 
3,584 

6.794 
8,133 

tank 

Total  solids lbs. 

7,790 

6,137 

13,927 

Settled  Sewage. 
Quantity  of  settled   sewage  which    passed   out  of    the 

settling  tank gallons 

Average  amount  of  suspended  solids  (  parts  per  100,000 

in  the  settled  sewage    '[  grains  per  gallon 

2,765,548  2,427,693 
12-6     i        14-3 
8-8            10-0 

6,193,142 

fir  :  1.4.     4  „„^^„j^  /  Mineral  constituents  of  solids.. lbs. 
^Z^  whirCLI    0^^--  constituents  of  soUdB..lbs. 

1,406          1,418 
2,031          2,050 

2,824 
4,081 

ont  of  the  tanx  ....  I 

^             Total  solids  lbs. 

3,437 

3,468 

6,906 

Studffe. 

Actual  quantity  of  sludge  found  in  the  tank gallons 

Average  amount  of  suspended  solids  in  the  sludge  found 
in  the  tank , percentage 

2,612 

2,269 

2,269 
16-4 

r^'^;.,^.4.  ^*  „„o^^„j^  /  Mineral  constituents  of  solids.. lbs. 
^Sgd«  il  tZ^udfe    Organiccon^atuentsof  solids..lbs. 

. . 

•• 

2,808 
1,322 

found  in  the  tank  . .  | 

,             Total  solids .....lbs. 

3,240 

.. 

4,130 

Calculated  quantity  of  e 

Average  amount  of  su 

removed  from  the  se 

in  the  tank 

dudge  left  in  the  tank 

16-6 
10-9 

ll-O 
7-7 

*                    J  grains  per  gallon 

•• 

Weight  of  suspended 
soUds  in  the  sludge 

Mineral  constituents  of  solids.. lbs. 
Organic  constituents  of  solids,  .lbs. 

Total  solids lbs. 

1,836 
2,618 

1,136 
1,634 

2,970 
4,062 

left  in  the  tank  .... 

4,353 

2,669 

7,022 

Quantity  of  sludge  (oi 
peared  by  the  septic  « 

Percentage  quantity  of 
lated  on  total  soUds  . 

Percentage  quantity  of 
lated  on  organic  oonsi 

rganic  matter  only)  which  disap- 
tction  in  the  tank lbs. 

1,113 
25-6 

•  • 

•• 

2,892 
41*2 

sludge  which  disappeared,  calcu« 

sludge  which  disappeared,  caloa- 
bituents •  ,,»,»» 

71*4 

"  The  usual  method  of  workine  the  septic  tank  was  to  allow  a  unit  volume  of 
sewage  about  six  hours  to  pass  mrough  the  tank.  This  was  equal  to  the  average 
time  which  a  unit  volume  of  sewage  takes  to  pass  through  the  large  settling 
channels  in  the  chemical  and  sedimentation  process." 
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CHAPTER  V. 

SUTTON  EXPERIMENTS. 

Experiments  with  Sewage  collected  on  the  "  Separate  System,'^ 
excluding  Rainfall. 

At  my  suggestion,  as  a  result  of  the  original  experiments  at 
the  Barking  Outfall,  as  described  in  Chapter  IV.,  similar  ex- 
periments were  commenced  at  the  works  of  the  Sutton 
(Surrey)  Urban  District  Council  in  1894.  The  works  were 
at  that  time  under  the  direction  of  Mr.  A.  D.  Gbeatorex, 
Assoc.  M.I.C.E.,  Surveyor  to  the  Board. 

The  filters  employed  were  seven  in  niunber,  as  follows : — 

Square  feet  each. 

Two  proprietary,  35  ft.  by  20  ft area        700 

Two  coke  breeze      „  ,, „  700 

Two  Band  ,,  », „  700 

4200 
One  burnt  ballast  {  {20  ft  }  ^^  ^*  ^ »»         **^* 

Total  area  8664 

The  filters  were  constructed  as  follows : — 

Froprietary. 

Top,  6^  in.,  medium  sand. 

3  in.,  pea  gravel. 

10}  in.,  proprietary  aztiole  mixed  with  sand. 
6  in.,  extra  coarse  sand. 

4  in.,  pea  gravel. 

Bottom,  5  in.,  coarse  shingle  round  the  pipefl. 
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Construotion  of  Filters — emtimted. 

Coke  Breetf. 

Top,  8  in.,  medinm  sand. 
12  in.,  coke  breeze. 
6  in.,  extra  coarse  sand. 

4  in.,  pea  gravel. 
Bottom,  5  in.,  coarse  shingle. 

Sand, 
Top,  8  in.,  medium  sand. 
12  in.,  coarse  sand. 

5  in.,  extra  coarse  sand. 
4  in.,  pea  gravel. 

Bottom,  5  in.,  coarse  shingle. 

Burnt  Ballast, 
Top,  4  in.,  soil  (afterwards  removed). 

6  in.,  fine  ashes. 
Bottom,  18  in.,  burnt  ballast. 

120,000  gallons  of  effluent  water  were  passed  through  the 
filters  per  day,  working  nine  hours.  The  six  small  filters 
were  worked  one  day,  and  the  large  the  next  day,  thus 
allowing  alternate  days  of  rest. 

In  his  report  of  the  18th  July,  1894,  Dr.  Jacob,  the  then 
Medical  Officer  of  Health  for  the  Sutton  District,  stated  that 
the  effluents  from  the  various  filters  were  quite  fit  to  be 
discharged  into  the  brook  without  further  treatment. 

In  view  of  this  result,  it  was  thought  that  under  proper 
conditions  there  was  no  reason  why  the  whole  of  the  sus- 
pended matters  in  the  sewage  should  not  be  amenable  to 
similar  treatment,  and  I  therefore  ventured  to  recommend 
the  experiment  of  filling  a  tank  with  coarse  burnt  ballast  and 
running  the  crude  sewage  upon  it.  This  suggestion  was 
adopted,  and  on  November  21st,  1896,  the  "  bacteria  tank  " 
was  filled  for  the  first  time,  and  kept  constantly  at  work  for 
five  years,  when  it  was  put  out  of  action  in  consequence  of 
the  rearrangement  of  the  works.  At  the  end  of  that  time  it 
was  stiU  in  good  working  order.  The  results  of  the  first  two 
and  a  half  months'  work  were  embodied  in  a  report  made  by 
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me  to  the  Sewage  Disposal  Committee  of  the  Sutton  Urhaa 
District  Coimcil  on  Fehruarj  11th,  1897,  from  which  the 
following  is  estraeted  : — 

TLe  tank,  charged  with  burnt  halket,  was  prepared  for  t3ie  reception 
of  the  sewage  by  inoculating  it  with  bacteria ;  my  former  experiments 
having  shown  that  such  preliminary  treatment  contributed  materially 
to  better  work* 

The  tank  was  first  filled  on  the  21  at  Norember  with  the  raw  sewage 
(untreated  with  chemicals)^  which  ha4  been  strained  through  a  screen 
to  intercept  the  grosser  particli^e- 

The  total  quantity  of  sewage  treated  during  the  period  of  seven ty- 
eijc  (76)  day«  was  2,216,000  gallons,  equal  to  an  average  of  29,165 
gallons  per  day,  or  773,000  gallons  per  acre  per  day»  rest  period 
included* 

Tho  resnlta  obtained  have  been  of  the  most  satisfactory  character. 
The  quantity  of  oxygen  required  to  oxidise  the  organic  matter  in 
solution  on  the  raw  sewage  was,  on  an  average,  5*40  grains  per  gallon, 
which  was  rednood  by  the  bacteria  tank  to  1*83  grains,  or  a  reduction 
of  66  per  cent.  The  further  treatment  of  this  effluent  by  the  coke- 
breeze  and  other  filter  beds  reduced  this  required  oxygen  to  0*72  grain 
per  gallon,  or  a  total  reduction  of  the  oxidisable  matter  by  86 -a  per 
cent* 

In  Hke  manner  the  solid  matters  held  in  suspension  in  the  sewage 
were  reduced  by  the  bacteria  tank  by  95  per  cent,  and  by  the 
Qombiued  system  by  99*6  per  cent. 

With  the  exception  of  the  few  days  when  the  filter  was  overworked 
the  sewage  odour  was  completely  removed,  there  being  in  the  effluentt 
only  an  earthy  odour  similar  to  that  of  freeh-tumed  garden  soil. 

It  appears  from  these  results  that  a  bacteria  tank  or  tanks  of  an 
area  of  hdf-an-acre  will  be  sufficient  for  the  complete  disposal  of  the 
sludge  by  this  system »  without  any  expense  for  labour  other  than  that 
necessary  for  turning  on  the  valves  and  raking  over  or  digging  with  a 
fork  the  surface  of  the  ballast  from  time  to  time  as  may  be  required  to 
break  up  the  surfaoe  coating  of  fibrous  matter.  Up  to  the  present 
time  this  has  been  found  to  be  necessary  on  only  two  occs&ions. 
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It  may  be  romarked  that  the  quantity  of  suspended  solid  matters  in 
the  sewage  which  has  been  disposed  of  by  the  bacteria  during  the 
seventy-six  days  they  have  been  at  work  is  equal  to  77  tons  of  sludge, 
as  the  average  sewage  contained  54 '5  grains  of  suspended  matter  per 
gallon.  The  fact  that  this  quantity  has  disappeared  without  cost  or 
nuisance  is  striking  evidence  of  the  capabilities  of  the  process. 

The  importance  of  this  method  in  the  case  of  new  sewage  works  is 
evident,  as  the  whole  of  the  elaborate  machinery  for  chemical  treat- 
ment, sludge  pressing,  farming  operations,  &c.,  will  be  avoided;  and 
where  such  farms  exist,  as  in  the  case  of  Sutton,  these  may  be  utilised 
for  the  purpose  of  a  recreation  ground,  and  so  settle  a  question  of  no 
little  importance;  as,  by  the  utilisation  of  the  life  processes  of  bacteria, 
the  effluent  from  the  double  set  of  beds  is  more  fitted  for  discharge 
into  the  brook  than  if  it  were  allowed  to  run  over  the  land,  which  may 
then  be  used  for  other  purposes. 

The  final  filtrates  were  free  from  all  objectionable  odour, 
and  remained  perfectly  sweet  on  keeping  in  either  open  or 
closed  vessels. 

The  analyses  disclosed  some  very  instructive  features  in 
regard  to  the  degree  of  nitrification  when  the  filters  were 
being  overtaxed,  some  of  them  having  been  purposely  worked 
up  to  a  rate  of  nearly  three  millions  of  gallons  per  acre  per 
day,  with  the  result  that  the  bacterial  action  was  evidently 
checked  as  shown  by  the  decrease  in  the  production  of 
nitrates,  and  an  increase  in  the  normal  quantity  of  organic 
constituents  in  the  effluent.  As  the  result  of  careful  watch- 
ing, however,  no  permanent  harm  was  done,  as  the  filters 
were  immediately  restored  to  their  usual  condition,  when  they 
proceeded  to  give  good  results. 

Many  suggestions  have  been  made,  both  in  England  and 
America,  to  effect  the  purification  of  sewage  on  a  working 
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&oale,  and  in  sufficient  quantity,  by  aiding  the  oxidiBing 
bacteria  by  blowing  streams  of  aii'  through  the  fllt^r  bed, 
Tlie  effect  of  this  is  to  Bave  on  one  hand  and  to  expend  on 
the  other.  In  the  case  of  the  Suttctn  works  no  air  enters  the 
filter  other  than  that  caused  by  the  natural  process  following 
the  dmwing  oil  of  the  water,  when  of  necessiity  the  pores  of 
the  ballast  must  be  re-eharged  with  a  supply  of  the  revivifying 
oxygen. 

Another  collateral  advantage  of  the  extension  of  the 
system  will  be  that  the  sewage  bmught  to  the  lower  part  of 
the  works  by  the  low-level  sewer  can  be  treated  direct  on  beds 
providi^l  at  that  level,  and  thus  the  expense  of  pumping  the 
sewage  up  to  the  high-level  tanks  will  be  obviated. 

The  first  edition  of  the  present  work  contained  the  fol- 
lowing paragraph,  which  time  has  completely  justified;—* 

The  eombinatioti  of  mochamcal  skill  with,  the  bacteriological  aixd 
chemical  aciencea  is  thiia  rapidly  working  towards  an  advanco  in  the 
progress  of  eanitation  f^uito  in  kooping  with  tho  eigna  of  the  times. 
It  19  not  wko  to  he  too  sanguine ;  but  the  outlook  is  euch  that  it  may 
well  be  hoped  that  in  a  few  jears  all  the  old  ideas  of  precipitation, 
farming,  &Cm  will  be  extinct^  and  sewage  works  will  hare  uothtog 
more  ofiensiTe  or  object ionable  in  character  about  them  than  has  a 
market  garden. 

In  Marchj  1899,  after  two  and  a  half  years'  working,  it 
Wfts  found  that  the  haoterial  treatment,  which  in  the  interral 
had  been  cousiderahly  extended,  reduced  the  matters  in  sus- 
pension from  67^2  grains  per  gallon  to  0^0  grain ;  the  05:7gen 
aheorhed  from  3"617  grains  per  gallon  to  0"578  grain,  and 
Oie  albuminoid  ammonia  from  0-380  to  0'059  grain;  whilst 
nitrification  has  taken  ploce  to  the  extent  of  2*123  grains  of 
nih'ogen  per  gallon. 
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The  percentage  purification,  therefore,  being — 
Matters  in  suspension    -        -        -     100 
Albuminoid  ammonia    -        -        -      84 
Oxygen  absorbed  in  four  hours       -       89 

The  following  tables  of  the  working  of  the  coarse  and  fine- 
grained beds,  or,  as  they  are  often  termed,  the  "  primary  "  and 
"  secondary"  beds,  were  prepared  by  Mr.  C.  Chambers  Smith, 
the  Surveyor  of  the  Sutton  Urban  District  Council,  after  the 
original  bed  had  been  in  work,  as  stated  above,  for  two  and 
a  half  years  : — 
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Capacity  of  Beds 


Tabl: 
Coarse  Grain 

Table  of  Capacities  of  FUters^ 


DATE. 


Not.  2\%i,  lS9e,  to  Aug.  2l»t, 

1807, 
Aug,  22fld,  1897,  to  Mar.  3lit, 

1898. 
Apra  1st.  1898,  to  Feb.  Sod, 

IS99. 
Feb.  3rd,  1899.  to  Mar,  31  et, 

1899. 

Totals  and  averag-Gs. . . . 


Are.. 

ix^ih. 

9up  ^ 
186} 

Ft.  Bi*. 
3  6 

Cab.  fL 
5,871 

186] 

5  3 

8,807 

186} 

S  3 

8,807 

ISGJ 

3  7j 

6,081 

— 

— 

— 

eg 


OallotiA. 
13,606 

13,188 

8,230 

7,196 


^1 

n 


Si 
15 
19 


237 


I' 


510 
605 
721 
159 


I 
i 


274 

SOB 
fi7 


1,925       B61 


June  3td,  1897,  to  March  3lat;   186^ 

1898, 
April  Ut,  1898,  to  Marcb  Stst,    186} 

1699. 


Totab  and  fiveragsi , 


5     3 
5    3 


8,807 
8,807 


10,974 
8,779 


20 
16 


030 


826 


302 
365 


18 


1,456  I     6G7 


Jalj  23rd,  1897,  to  Mat.  3bt 

1398. 
April  Jst,  1898,  to  Feb.  Gth, 

1899. 
Feb.  7tb,  1899,  to  Mar.  31  at, 

1899, 

Totals  and  avoragen . . 


April  30t3i,  1898,  ta  Mar.  Slet, 
1899. 


Totala  and  averagefl. 


I86i 
I86i 
ISG} 


5  3 
5  3 
4     IJ 


8,807 
8,807 
6,919 


13,717 
10,974 
10,345 


25 

5:>2 

20 

675 

24 

13S 

23 

1,3G5 

252 

312 

53 


617 


5     3 


8»S07 


14,862 


27 


22-9 


89.5        333 


5,641 


2,4B1 
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and  Quantity  of  Seicage  Treated. 


l'B7 
2*27 
2'3i 
2-7fl 


2-23 


Kambrt  ol 
Hoimat 


Work. 


nest. 


J 


2,2991    4,262 


2,915 

2,620 

4ao 


S,21l 


2,413 

4,872 

83S 


12,435 


Total 

§^ 

iinantity  wl 

if 

^1 

11^ 

GAllmtd. 

Oallon*. 

Gti]lc.&ii. 

7,290,000 

26,600 

1223 

6,619,S40 

29,954 

91  ^a 

5,933,830 

I9,2flfl 

590 

1, 144,482 1 

2O,0gO 

8&a 
90-5 

21.018,152 

24,411 

m 

n« 

■sip 

ii 

255 

233 

208 

40 


EBMAKKB. 


730 


Filterings  msterUl  compoBed 
of  burnt  ballast  exceeding 
l-'m.  grange. 

Increased  in  depUi|  Ang. 
22iul,  1897. 


Bedij(?od  in  depth  ^  Feb.  2nd, 
IttOQ. 


SOS 

2-26 


318 


2,fi&&'   4,351 
2,887    6,873 


6,785  10,224 


6,913,620 
7,251,454 


22,8fl3 
10,867 


14,165,074     21,237 


70-2 
60  0 


65-1 


242  Filtaring  nut^Mial  of  burnt 
ballast  in  Isyent,  2  ft.   of 

254  fine  nmteriu  beang  placed 
in  bottom  of  iUter. 


490 


2-J9 

3,184 

2,864 

2-16 

2,449 

5,039 

2-60 

468 

804 

2-21 

6,101 

8,707 

7,571,784 
7,407,460 
1,427,610 


16,406,844 


30,047 

921 

23,741 

72-8 

26,936 

105- 1 

20,591 

900 

265 

259 

50 


Filtering  material  similar  to 

No.l. 


Reduced  in  depth,  Feb.  6th. 
1899. 


674 


2-66 

3,408 
23,608 

4,656 
36,022 

2-27 

13,301,490 


64,891,660 


39,588 


111,827 


121-3 


91-7 


466     Filtering  material  similar  to 
No.l. 


2272 
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Table  XII.— Fine  Orain  Bacteria  Filters. 

Tahk  of  Capacity  and  other  details  of  Filters. 


HATEBIAU3. 


24  inches  burnt  ballast    . , 
6      ,,     pea  gravel 

5  , ,     coarse  gravel 

3  inches  pea  gravel , 

10  J    >}      polanite  &  sand 

4  ,,      extra  coarse 

3  ,,      pea  gravel 

6  „     coarse  shingle 

8  inches  ^^  coke  breeze 
12}    „      overiV        „ 
6      ,,      extra  coarse  sand 

4  , ,   pea  gravel 

5  f,     coarse  gravel 

8  inches  -fy  coke  breeze  . 
13      „     overi*tf     „ 
5      , ,      extra  coarse  sand 

4  ,,      pea  gravel 

5  ,,      coarse  gravel 


20  inches  sand   

5      ,,      coarse  sand 
5      , ,     pea  gravel 
5      ,,     coarse  shingle 

19}  inches  sand 

5  f,  coarse  sand 
5  ,,  pea  gravel 
5      ff     coarse  shingle 

10  inches  coke  breeze 
passed  through  J  mesh 

22  inches  burnt  ballast  re- 
jected by  J  mesh 

4  inches  coke  breeze  . . . . 
29      ,,     burnt  ballast 


I  Total 

Area.  ,  Depth.'  capacity 
I  !  of  filter. 


Bup. 
yd«. 
77} 


77J 


77J 


77J 


774 


465J 


684t 


Ins. 
10 


2     1^ 


2  10} 


77J     2  11 


Cub.  ft. 
1,983 


1,487 


2,012 


2,042 


2  11  ,    2,042 


2  lOij    2,012 


2    8  ,  11,179 


2    9  I  16,940 


I 

?! 


Galls. 
3,494 


2,403 


4,369 


II. 


It 


•3,712 


22,278 


33,200 


28 


26 


35 


4,587       36 


29 


32 


Galls. 
142-8 


13M 


176-9 


182-0 


147-3 


3,819  I     30     '  153-8 


32     .  161-4 


158-7 


Totals  and  averages <  39,697  i  77,862 


31-38 


158-8 


^  from 
I  per 


Nitrogen 


J 


to  lOp.B 


last  iloTf 

I 
1-028  I  0* 


p.m.  to 
ixaco 

*  a.m. 


o8p 

m 

D-70 

-.m. 

•31o  1 

■>»en  woj 

I 


aoid  Ao 
id83p€ 

k  F.  A 
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In  January,  1900,  in  consequence  of  the  increased  volume 
of  sewage  arriving  at  the  Sutton  works,  it  became  necessary 
to  provide  an  extension  of  the  plant,  and  the  surveyor,  Mr.  C. 
Chambers  Smith,  advised  the  construction  of  additional 
bacteria  beds,  at  a  cost  of  £1,740,  instead  of  the  purchase  of 
27*5  acres  of  land  for  irrigation  at  a  cost  of  £7,700.  This 
fact  in  itself  showed  the  advantage  in  cost  alone  of  the  new 
system. 

With  regard  to  the  working  expenses,  Mr.  Chambers  Smith 
expressed  the  opinion  that  the  policy  of  the  Council  in  con- 
structing these  filters  had  been  a  sound  one,  as  evidenced  by 
the  fact  that  the  cost  of  working  the  farm  prior  to  their  in- 
troduction, viz.,  for  the  yeai-  ending  1895,  with  69,880,000 
gallons  of  sewage,  was  £1,089  Ids.  Sd. ;  whilst  the  cost  for 
the  year  ending  March  31st,  1899,  with  157,164,000  gallons 
was  £621  Is.  lid.,  the  average  cost  of  treating  one  million 
gallons  in  1895  being  £15  lis.  Id.,  whilst  in  1898-9  it  was 
£3  19s.  Od.  (including  pumping,  &c.).  The  net  result,  there- 
fore, was  that  the  town  was  saved  an  annual  charge  of  £1,190 
by  the  introduction  of  the.  bacterial  system. 

In  order  to  ascertain  the  possibility  of  treating  large 
quantities  of  storm  water  brought  to  the  outfaUs  by  a 
"  separate  system  "  of  sewers,  experiments  were  made  with 
the  beds  at  Sutton  by  allowing  them  to  fill  quite  full  with  the 
storm  water  and  then  opening  tlie  outlet  valve  just  sufficient 
to  enable  the  water  to  escape  as  fast  as  it  ran  on  to  the  beds, 
this  operation  being  known  as  "  streaming."  Table  XIII. 
shows  the  results,  which  were  entirely  satisfactory.  The  beds 
on  being  put  to  work  again  with  the  ordinary  crude  sewage 
showed  equally  good  results  as  before  the  streaming,  the 
action  of  nitrification  having  been  unimpaired.  Similar  ex- 
periments were  carried  out  with  the  beds  at  the  Worcester 
Park  worksy  and  like  results  obtained. 
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THE  SEITIC  TAKK  AND  OTHER  SYSTEMS. 

Ik  view  of  the  attentloti  called  to  the  saocess  of  the  taeterial 
treatment  of  sewage  by  the  Massachusetts  experiments  and 
those  at  the  Barking  Creek  Outfall,  the  question  was  speedily 
taken  up,  Tvith  the  result  that  Mr*  Donald  Cameron,  then 
City  Engineer  to  the  Corporation  of  Exeterj  undertook  a 
series  of  experiments  T\'ith  a  \iew  to  bringing  about  the 
destruotion  of  the  solid  organic  matter  in  the  sewage  by  a 
preliminary  proeess  of  anat*robie  treatment  in  a  covered  tank, 
which  for  distinction  was  termed  a  "  septic  tank,"  and  under 
which  title  it  is  now  generally  known.  About  the  same  time, 
5£r*  Scsott-Monerioft  carried  out  a  series  of  experiments  at  his 
residence  at  Aeht^ad,  iu  Surreys  where  he  employed  a  cess- 
pool, covered  with  a  gravel  filtering  bed.  The  cesspool  waa 
kept  filled  with  water,  so  that  when  a  fresh  charge  of  sewage 
wag  let  into  it  the  overflow  escaped  tlirougli  the  gravel  bed. 
Thus  the  solid  matters  were  retained,  but  the  escaping 
effluent,  although  free  from  solids,  w^as  yet  in  a  far  from  pure 
condition-  Mr*  Cameron  adopted  the  system  of  the  two-hour 
contact  beds  in  use  at  Barking  for  the  purification  of  the 
effluent  from  the  septic  tank,  and  caused  these  to  work 
alternately  by  a  system  of  valves  worked  by  the  overflow 
from  a  recently  filled  bed  falling  into  a  tilting  bucket  which, 
when  full,  dropped  and  actuated  the  necessary  valves  to  divert 
the  flow  on  to  anotlier  bed  which  had  been  resting  empty, 
and  at  the  same  time  opened  the  outlet  valve  from  a  third  bed 
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which  had  been  resting  full  and  was  ready  to  discharge  its 
contents. 

Mr.  Scott-MoncrieflE  subsequently  arranged  that  the  effluent 
from  the  tank  should  flow  on  to  a  series  of  trays  consisting 
of  nine  wooden  boxes  with  perforated  bottoms,  each  2  ft.  long 
by  7  in.  wide  and  7  in.  deep,  an  allowance  of  \  in.  along  each 
side  being  made,  so  that  each  tray  had  an  area  of  1  square 
foot.  The  trays  were  placed  one  above  the  other,  and  were 
each  filled  with  coke  which  had  passed  through  a  1  in.  ring. 
Over  the  uppermost  box  were  fixed  two  small  tilting 
V-shaped  tipping  troughs,  which  alternately  discharged 
their  contents  when  the  liquid  reached  the  level  that  upset 
their  equilibrium,  as  they  hung  upon  small  trunnions  fixed 
at  the  proper  point  to  effect  this  movement,  and  working 
upon  supports  fixed  to  the  ends  of  the  highest  box.  The 
boxes  were  separated  by  an  air  space  of  two  inches,  which 
thus  provided  means  for  the  effectual  aeration  of  the  effluent 
and  filtering  medium.  It  was  thus  also  practicable  to  take 
samples  of  the  effluent  as  it  came  from  each  tray,  and  so  to 
judge  of  the  progress  of  the  purification  in  detail. 

The  following  Table  XIV.,  from  Mr.  Scott-Moncrieff's 
paper  on  "  High  Nitrification  in  Sewage  Treatment,"  read  at 
the  Sanitary  Institute  Congress  at  Southampton  in  1899, 
shows  the  results  of  analyses  of  samples  taken  by  Dr.  Bideal 
from  each  of  the  nine  trays  in  Febmary,  1898: — 
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It  will  be  seen  from  this  table  that  a  remarkably  high 
degree  of  nitrification  is  attained,  the  loss  of  nitrogen  during 
the  process  being  only  about  25  per  cent,  and  the  final 
effluent  containing  9'0  parts  of  nitric  nitrogen  per  100,000. 

The  latest  views  of  Mr.  Scott-Moncrieff  were  given  by  him 
in  an  address  to  the  Association  of  Sewage  Works  Managers 
on  thejSth  March,  1903,  from  which  the  following  observa- 
tions are  abstracted :—' 

After  long  consideration,  I  came  to  the  conclusion  that  at  any  rate 
where  new  filters  were  being  put  down,  the  circular  form  was  the  best, 
as  it  presented  a  good  many  obvious  advantages— among  others,  that 
the  largest  area  was  included  in  any  given  length  of  masonry — and 
accordingly  I  designed  a  large  distiibutor,  capable  of  dealing  with 
250,000  gallons  i)er  twenty-four  hours ;  and  two  of  these  are  now  at 
work — one  at  Birmingham,  and  one  at  Hanley,  in  Staffordshire.  The 
peculiar  feature  of  this  form  of  distributor  is  that  the  different  areas 
to  bo  covered  at  each  point  of  the  revolving  radius  are  provided  for  by 
means  of  two  parallel  channels  running  from  end  to  end  of  the  arm, 
one  of  which  acts  as  a  continuous  duct,  communicating  at  short  inter- 
vals through  the  intervening  di"vdding  plate  with  the  other  channel, 
which  is  divided  up  into  short  sections,  each  having  a  different  sized 
opening  into  the  main  channel  corresponding  with  the  quantity  of 
liquid  to  be  delivered  at  each  point  in  the  radius,  fui-ther  provision 
for  accurate  distribution  being  made  by  means  of  movable  weirs  so 
adjusted  as  to  provide  accurately  for  equal  feeding  over  equal  areas. 
By  this  means  the  greatest  exactness  can  be  secured  in  the  flow  of  the 
liquid  at  every  point,  and  this  is  verified  by  the  simple  device  of 
laying  a  shallow  box  exactly  1ft.  square  on  any  part  of  the  surface 
of  the  filter,  which  receives  just  one  pint  of  Hquid  as  the  distributor 
passes  over  it. 

It  is  only  right  that  I  should  lay  before  you,  as  concisely  as  I  can, 
first,  what  I  believe  to  be  the  complete  means  of  arriving  at  the  most 
satisfactory  result ;  and,  secondly,  the  realisations  of  these  require- 
ments that  have  already  been  put  into  practice  on  a  large  scale. 
Taking  these  in  their  order,  I  would  say  that  the  sewage  should  first 
be  taken  in  a  long,  narrow  carrier,  from  which  it  escapes  at  right 
angles  and  at  intervals  about  one  yard  apart  through  regulated 
openings  into  a  shallow  grit  chamber  of  the  necessary  dimensions  to 
allow  of  the  deposition  of  solid  mineral  matter  in  suspension.  From 
this  grit  tank  it  should  be  passed  either  through  restricting  channels 
provided  with  gratings  and  upward  through  large  stones,  an  arrange- 
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ment  knowi;  as  a  **cTiltiTatioE  tank/'  or  tlm>ugh  ordinaiy  tanks, 
either  open  or  cavored* 

After  having  been  in  tke  grit  diamher  about  five  hourB.  and  the 
anaerobic  tank  about  two  hours,  the  raw  incoiuing  sewage  should  bo 
diverted  to  a  second  set  ol  grit  chambers  and  tanks,  and  the  liciuid 
which  has  been  longest  iu  the  anaerobic  tank  should  then  be  circulated 
BO  as  to  paFia  again  tbroiigli  the  firat  grit  chamber  to  coinpkto  the 
hydrolysis  ol  the  suspended  organic  matter  which  will  othorwiso 
appear  as  sludge.  This  circulation  of  the  liquid  should  go  on  until 
the  organic  sludgo  is  reduced  to  a  minimum.  The  liquid  from  the 
anaerobic  tank  after  having  tested  long  enough  to  allow  of  complete 
liquefaction  nhonld  be  pa^ed  into  a  di^stributing  machine  and  distri- 
l)ut43d  aA'^gr^Jj&d_Qfhard  filtering  material  gauged  to  paes  a  Jin,  mesh 
^^ftjid  rejected  bja^JnTmesh^firsu^doRt  depth,  and  the  feeding  of 
the  effluent  should  be  so  arranged  as  to  allow  of  a  aufflcient  interval 
between  each  feeding  to  prevent  formation  o!  gelatin oua  growths  ;  at 
the  same  time  a  sufficient  quantity  of  air  should  be  aspirated  through 
the  filter  bed  to  remove  the  carbonic  gas.  and  m  an  to  provide  for 
oxidising  tlie  ammonia  to  nitric  nitrogen*  Finally,  tho  effluent 
should  be  used  npon  land,  and  for  growing  fruit  and  vegotables  under 
glass. 

Colonel  Dueat  propoaed  to  employ  aerobio  action  entirely, 
and  with  this  view  eoustructed  a  filter  with  open  sides,  formed 
by  iiaing  agricultural  drain-pipes  eoniented  side  by  side,  this 
wall  beiog  strengthened  by  brick  piers  at  intervale.  As  the 
filtering  medium  was  placed  in  the  filter,  proceeding  from 
fine  material  at  the  bottom  to  coarse  material  at  the  top,  other 
similar  drain-pipes  were  laid  at  intervals  from  the  walls  into 
the  middle  of  the  bed,  the  design  being  to  make  an  open  w^ay 
for  the  atmosphere  into  all  parts  of  the  bed.  The  sewage  was 
allowed  to  drop  from  troughs  laid  horizontally  over  the  surface 
of  the'  bed,  and  to  slowly  percolate  through  the  sueeeseiTe 
layers  of  filtering  material  until  it  escaped  from  the  open 
bottom  of  the  bed,  which  was  properly  supported  for  that 
purpose  on  a  concrete  floor. 

Mr^  Stoddart,  of  Bristol,  modified  this  plan  by  doing  away 
with  the  huilt-np  open  pijie  walls,  and  constructed  a  filter 
merely  of  a  heap  of  coarse  rubble,  clinker,  ballast,  coke  or 
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other  material  placed  upon  a  concrete  or  other  impervious 
floor,  laid  with  sufficient  fall  to  cause  any  liquid  that  reaches 
it  to  flow  towards  the  nearest  external  surface.  The  nature 
and  composition  of  the  filtering  medium  is  immaterial  so 
long  as  it  is  insoluble  in  water  and  not  too  friable,  but 
Mr.  Stoddart  recommends  that  it  should  be  as  irregular  in 
fracture  as  possible,  and  that  the  sizes  of  the  particles  should 
in  no  case  be  less  than  3  inches  in  diameter. 

I  am  indebted  to  Mr.  Stoddart  for  the  following  account 
of  his  experiments  and  methods  now  employed : — 

The  intermittent  filter  of  the  Royal  Commission  of  1868  was,  as  has 
already  been  said,  an  attempt  to  reproduce  in  a  more  intense  and 
manageable  form  the  changes  which  sewage  and  similar  matters 
undergo  when  spread  upon  the  soil,  and  a  consideration  of  what  is 
actually  observed  in  such  cases  should  furnish  the  means  of  judging 
correctly  how  far  this  attempt  was  successful. 

If  an  inspection  be  made  of  a  leaky  cesspit  or  defective  drain  it  will 
be  found  that  the  soil  immediately  adjacent  is  blackened,  sodden  and 
foul ;  but  this  condition  is  strictly  limited,  and  that  at  a  very  short 
distance,  depending  on  the  amoimt  of  leakage  and  porosity  of  the  soil, 
these  appearances  will  vanish.  Water  collected  beyond  this  point, 
though  obviously  oozing  from  the  cesspit  which  it  may  have  left  but  a 
few  minutes  previously,  will  be  sweet  and  fresh  to  the  smell  and  taste. 
Examined  chemically  it  will  be  found  that  the  ammonia  and  organic 
matter  characteristic  of  the  foul  exudation  have  been  displaced  by 
oxidised  products,  nitrates,  sulphates,  and  carbonates.  This  is  exactly 
the  change  aimed  at  and  achieved  by  the  Royal  Commissioners,  but 
THERE  IS  NO  INTERMITTEXCE.  An  inspection  of  the  soil  at  the  point 
at  which  the  purification  begins  to  be  obvious  will  reveal  the  fact  that 
this  spot  is  also  that  at  which  the  ratio  of  sewage  to  soil  is  small 
enough  to  enable  the  latter  to  remain  permanently  charged  with  air. 
It  is  clear  that  in  attributing  prime  importance  to  oxidation  as  the 
essential  feature  of  sewage  purification  the  Commissioners  were  abso- 
lutely correct,  but  in  concluding  that  alternately  dosing  the  filter  with 
sewage  and  air  was  the  only  practical  means  of  efPecting  this  change 
they  were  as  completely  wrong.  So  far  from  being  a  sine  qua  non, 
**intermittency  of  application"  is  but  a  series  of  compensating  errors 
of  surfeiting  and  starvation. 

A  consideration  of  these  facts  primarily  as  regards  their  bearing  on 
the  contamination  of  drinking  waters,  led  the  author  to  construct  a 
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filter  repTeeentiiig  as  nearly  as  possible  tlie  exact  conditiona  existing 
in  soil  polluted  hj  a  leaky  drain*  That  is  to  say,  a  constant  trickle  of 
sewage  was  maintamed  over  a  coarse  medium  (chalk),  the  interstices 
of  which  were  not  allowed  to  become  water-logged  but  remained  open 
and  in  communication  witli  tHe  extoraal  air,* 

This  apparatus,  the  first  continuous  sewage  filter  on  record,  tvos 
described  in  18R3,  and  shown  at  wort  at  the  Bristol  meeting  of  the 
BritiBh  Medical  Association  in  1894 ;  in  considering  its  effect  it  m 
necessary  to  bear  in  mind  that  mtrificataon,  or  the  conversion  of  the 
nitrogen  contained  in  sewage  into  nitric  acid,  is  only  a  pai-t  of  the 
whole  question  of  the  oxidation  of  sewage ;  but  that  as  it  has  under- 
gone more  complete  inycfitigation,  and  results  in  products  capable  of 
more  definite  estimation  than  is  the  case  with  some  concurrent  changes, 
a  determination  of  the  stage  to  which  nitrification  has  been  advanced 
serves  well  as  an  indication  of  the  progress  of  oxidation* 

Now  by  means  of  tho  experimentni  filter  referrod  to,  sereral  inte- 
resting points  were  elucidated,  of  which  the  following  aro  the  most 
important  in  tiie  present  connection : — 

1 ,  The  quantity  of  nitrogen  that  could  be  oxidised  under  the  best 

conditions  was  shown  to  be  enormously  in  ejtcese  of  anything 

previously  demonstrated* 
TJaing  a  solution  of  ammonium  Bulphate  containing  10  grains  of 

nitrogen  por  gallon,  fully  2,000  gaUons  was  oxidised  per  square 

yard  of  surface  in  twenty-four  hours  with  almost  theoretical 

completeness, 
fie  wage  treated  in  the  same  way  wai  completely  nitrified  at  the 

mte  of  200  gallons,  and  was  sufficiently  purified  to  comply  with 

the  usual  standards  at  the  rate  of  1,000  gallons  en  the  same 

area* 

2,  In  order  to  bring  about  and  maintain  this  pitch  of  efficiency  it 

wag  absolutely  essential  that  air  should  bo  always  present  in 
unbroken  continmty  from  the  top  to  the  bottom  of  the  filter. 
Even  if,  for  instance,  tho  outlet  of  the  filter  became  occluded  by 
acoitmiilation  of  filtrate,  the  oxidation  speedily  became  imper- 
fect ;  and  the  same  thing  resulted  if  a  continuous  horizontal 
layer  of  liquifl  formed  at  any  point  in  the  filter. 
This  condition  was  fulfilled  without  difficulty  by : — 

(a)  Feeding  the  filter  by  means  of  a  drop  arrangement, 

(b)  Using  so  coarse  a  medium  that  even  when  thoroughly 

wetted  the  interstices  were  large  enough  to  prevent  the 
films  of  liquid  from  coalescing. 
(o)  Thoroughly  dxaiidng  the  base  of  the  filter* 

•  Stoddflit— i'iviffirf«i*p,  H.  (1893)  zn-h  ;  ^wflfy*^  xviii,  293;  xix*  39. 
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3.  When  the  filter  was  brought  to  the  highest  degree  of  efficiency  a 

single  flashing  with  liquid,  and  especially  with  sewage,  almost 
completely  abolished  its  oxidising  power,  which  was  only  slowly 
regained,  and  did  not  resume  its  former  exalted  action  for 
several  days.  This  result  is  in  accordance  with  the  observationa 
of  Warringtom.  Jjapkland,  and  others  tp.  the  effect  that  tho 
nitrifying  bacilli  wor6">epy  shoggidhly  when  immersed  in 
liquid,  and  that-iheif  action  is  inhibited  by  any  groat  quantity 
"Hif-eTganiC  matter. 

4.  Uh  6t6ppiBg''££e  flow  of  real  or  artificial  sewage*,  the  power  of 

nitrification  diminished  only  very  slowly,  and  was  not  entirely 
lost  after  an  interval  of  two  years ;  on  the  other  hand,  it  could 
speedily  be  re-established  in  full  vigour  by  renewing  the  flow 
of  sewage. 

5.  The  amount  of  nitrogen  oxidised  was  directly  projwrtionato  to 

tho'tr^lfli  of  <ii3ie.  filter,  so  that  the  area  could  be  diminished  if 

the  depth  were  increased  so  long  as  the  application  of  sewage 

was  not  so  copious  as  to  cause  it  to  coalesce  into  a  continuous 

layer.     This  limit  depends  upon  the  grade  of  the  me<lium ; 

with  particles  ranging  from  two  to  three  inches  in  dinmcter, 

10,000  gallons  per  square  yard  per  day  produce  no  indications 

of  water-logging. 

It  was  pointed  out  that  the  exceptional  activity  of  this  filter  was 

"obviously  due  to  the  more  regular  and  continuous  flow  combined 

with  perfect  aeration."  • 

A  filter,  then,  arranged  on  this  plan  appears  to  present  ideal 
conditions  for  sewage  oxidation.  The  thinnest  possible  layer  of  liquid 
travels  over  an  extended  surface  charged  with  the  appropriate  micro- 
organisms and  continuously  exposed  to  air.  From  the  point  of  view 
of  the  microbes  themselves  nothing  could  bo  better  adapted  to  their 
requirements.  They  have  a  constant  regulated  supply  of  food,  never 
ceasing,  but  never  much  in  excess,  they  have  an  abundant  supply  of 
oxygen,  also  constantly  renewed,  and  the  products  of  their  action  are 
as  constantly  removed.  Such  a  filter  will  work  continuously  apparently 
without  limit,  and  will,  indeed,  improve  daily  over  a  long  period  so 
long  as  the  necessary  conditions  are  not  infringed. 

The  description  of  the  whole  plant  naturally  divides  itself  into  three 
ports,  relating  respectively  to  the  supply  channel,  the  distributor,  and 
the  filter. 

1.  The  supply  channel  is  a  gutter  in  direct  connection  with  the  sewer 
or  tank  outlet.    Its  margins,  which  are  at  the  same  level  and 

•  Loc,  cit.  p.  894. 
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Ute  three  essential  pointeiii  the  eotiBtruetiea  of  tM»  filter  iitp, 
then*  the  arrangement  of  the  floor,  the  uaiformly  coarse  grade 
of  the  tried ium,  and  the  freedom  of  the  latter  froni  dust  and  fin^ 
particles,  tJie  object  being  t<:)  maintain  the  liquid  in  sheet  foi-ma- 
tion  until  it  is  aotuully  outmde  the  filter.  Any  attempt  to  carry 
out  the  principle  of  the  continuous  sewage  filter  with  the  usual 
construction  of  the  iBtonmttent  filter  nr  contact  Wl,  huwever 
well  pi^vidcd  with  vertical  aerating  pipes,  will  mi'et  with  hut 
very  temporary  succe»a. 

It  will  be  shown  later  that  the  oaddiHiiig  power  of  the  continuous 
filter  incroa^ies  with  the  depths  hut  m  a  mote  rapid  ratio :  in  other 
words,  more  than  twice  the  quantity  of  sewage  can  "be  dealt  with  per 
yard  of  surface  by  doubling  the  depth  of  the  filter.  Consequently  it  is 
of  much  importance  to  con?5er\^e  as  much  a>i  possible  the  fall  availahle 
on  a  given  site ;  and  as  tlie  loss  of  head  involved  in  modem  tank 
treatment  and  in  the  use  of  the  distributor  is  merely  nominal,  it 
sh<nild  always  he  poBsiblo  to  construct  the  filter  of  a  depth  within  a 
few  inches  of  the  difference  between  the  levels  of  the  intake  and  outflow 
of  the  works.  For  the  same  reason  it  is  a  mistake  to  sub*  divide  the 
bed  of  the  filter  horiisoii tally,  any  air  spaces  meaning  merely  the  loss 
of  so  much  aerating  surface. 

At  the  same  time  it  must  be  understood  that  there  is  no  minimum 
depth  for  the  filter.  Qmto  an  appreciable  cJiange  can  he  effected  in 
even  so  small  a  distance  aa  six  inches^  whilst  two  feet  is  quite  a 
practicable  depth  for  the  bed  where  no  more  can  he  obtained ;  tlie 
necessary  extension  of  the  surface*  however,  moans  additional  outJiiy. 
In  many  worke  there  is  no  fall  available,  and  pumping  is  neeestniiry 
whatever  treatment  m  adopted.  In  such  cases  it  will  generally  he 
found  economical  to  increase  the  lift  so  that  a  filt*»r  of  ten  or  fifteen 
feet  in  depth,  and  of  proportionately  ^fmall  area,  may  he  constructed* 

On  first  setting  the  filter  to  work,  little  change  is  observed  until 
about  the  third  day*  when  the  sewage  odour  disappears,  though  the 
chemical  composition  alters  hut  little.  Nitiification  sets  in  about  the 
eighth  to  the  tenth  day^  and  increases  in  vigour  up  to  about  the  sixth 
week,  when  the  filter  is  mature,  and  the  effluent  is  not  only  capable  of 
admission  into  any  watercourse  without  risk  of  oifence,  but  is  in  a 
csondition  to  effect  marked  improTement  in  polluted  water  into  which 
it  may  be  discharged*  The  maturing  of  tho  filtor  appears  to  take  the 
same  course  whether  tho  tank  effluent  is  applied  cuntlnuously  frmn 
the  firs^t,  or  at  intervals^  and  i^  apparently  unaffected  by  tempera tiu-e, 
existing  filtei^  having  been  started  under  very  variable  conditions 
wnthout  any  marked  difference*  in  the  rapidity  of  development  of 
nitrification. 
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The  first  suocessfiil  filter  of  this  type  was  erected  at  Hor- 
field,  uear  Bristol,  in  1899,  and  tlie  following  table  shows  the 
results  obtained  fr5hsit-f*==^'' 

Table  XV. 

Analysis  of  Seicage  Effluents  derived  from  Stoddarfs  Filter. 

{lieHuItH  ewj) reused  in  Grain>i  per  Gallon.) 


1 

Wet 

Ex«'«'ptionally  stronnr  BCwaK**. 
Oct.  2«Hh,  18^). 

Dry  weather  flow. 
1               Oct.  3td,  IMIO. 

weather 
'     flow. 

Oct  6th. 
>      1899. 

• 

Sewage. 

Tank 

effluent. 

FUtrate. 

Sewage. 

'     Timk 
;  effluent. 

Filtrate. 

Filtrate. 

BaUim  Axmnonia    

'   aSMv'J 

1008 

6-8 

6-832 

1 

2-698 

1-295 

•14 

Albuminoid  ammonia 

9  t5 

•77 

•2fi 

•907 

•310 

•090 

'        -035 

Nitrogen  as  nitrateR 

andnitritw 
OxyR«n  alMurlxHl  16m. 

at80»F. 
Oxygen  absorbed  4hrH. 

al  V  F. 
8uiq>ended  solids  .... 

noiio 
2310 

none 
8TiO 

1.50 
1  17 

none 

r>j>9 

none 
•616 
r2ls 

180 
216 
•490 

1-27 

- 

!    210 

32 

none 

none 

Appeanuioe 

opaque 

opaleucent 

(    turbid  with 
J  clinker  rf//»rw, 
{  rapidly  dears 

i 

1  opaque 

opaleHcent 

brilliant 

brilliant 

Odour  

pewage  1 

K'wage 

alight,  eaithy 

sewage 

sewage 

alight  ear 
not  Aug] 
sewage 
pant. 

thy  odour, 
l^stive  of 
or  unplea- 

Daily  rate  of  flow; 
gallona  per  8q.  yard 

Dafly  rate  of  flow; 
gallons  per  acre..... 

576 

1,41G 

1,800 

..    2,787,810 

6,8M,000 

8  712,000 

The  maturing  of  this  tjpe  of  filter  is  said  to  be  remark- 
ably rapid  and  apparently  independent  of  seasonable  varia- 
tions. After  the  first  three  days  of  continuous  flow  the 
filtrate  is  eaid  to  be  "  perfectly  sweet  and  free  from  sewage 
odour,  but  shows  little  chemical  improvement."  Nitrification 
would  appear  to  set  in  about  the  eighth  to  the  tenth  day,  and 
to  increase  in  vigour  daily  until  at  the  end  of  the  second 
month  the  efiiuent  begins  to  acquire  that  peculiar  brilliancy 
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whicli  is  oliaraoterietlc  of  waters  in  which  nitriftcfttion  is  very 
active. 

Mr.  Caink,  Messr&,  Whittaker  and  Brjant,  and  others  have 
adopted  what  is  essentially  a  Ducat  filter^  but  effect  the  dis- 
tribution of  the  sewage  upon  it  by  means  of  rotating  arms 
which  are  perforated  mth  holes.  When  the  flow  of  sewage 
escapes  from  these  in  jets  the  arms  rotate  after  the  manner  of 
a  garden  sprinkler,  and  thus  the  Uquid  is  spread  over  the  bed 
in  a  auccession  of  thin  layers, 

Messrs-  Mather  and  Plali  have  modified  the  form  of  the 
arms  by  making  them  an  open  trough  with  holes  in  the 
bottom  of  the  sides  at  internals  to  avoid  the  possibility  of  the 
ordinary  jet  openings  becoming  choked  with  debris  from  the 
sewage. 

In  all  these  cases  the  preUminary  settlement  of  the  crude 
sewage^  in  either  Cameron" s  closed  tank  or  in  an  nncovered 
one,  is  necessary  to  prevent  the  solid  matters  going  on  to  th© 
beds  or  "  filters/^  as  they  are  frequently  termed.  It  ^\ill  thus 
he  seen  that  the  essential  principle  is  the  eame ;  settlement 
of  the  detritus  of  the  sewage  in  a  container  to  effect  pre- 
liminary solution  of  the  solid  matters,  and  the  retention  of 
the  Band,  &c.,  and  the  final  aerobic  treatment  of  the  liquid 
and  finely  divided  suspended  matters  which  pass  through  the 
tank  with  the  flow  of  sewage.  In  the  Barking  Creek  experi- 
ments^ already  described,  the  retention  of  the  heavy  soHd 
matters  was  effected  in  the  precipitation  tanks,  and  the  sub- 
sequent purification  effected  on  the  beds* 

The  point  for  discussion  appears  to  be  how  far  the 
anaerobic  action  in  the  tank  should  be  carried.  Mr*  Cameron's 
septic  tank  had  a  capacity  equal  to  about  eighteen  hours'  flow 
of  sewage,  and  it  was  considered  essential  that  it  should  he 
covered.  Later  exiierience  has  shown  that  a  similar  action  is 
brought  about  in  an  uncovered  tank.  It  was  also  originally 
ussumed  that  the  whole  of  the  organic  matters  were  destroyed 
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in  the  tank.  It  is  now  accepted  that  this  is  not  entirely  the 
case.  Dr.  Clowes  found,  in  the  course  of  his  experiments  at 
Crossness,  that  the  percentage  quantity  of  sludge  which  dis- 
appeared, calculated  on  the  total  solids,  was  41*2,  or,  if 
calculated  on  the  organic  constituents,  71*4.  {See  p.  77.) 
These  quantities  seem  to  fairly  represent  the  experience  at 
numerous  other  places. 

In  the  course  of  a  series  of  examinations  of  the  septic  tank 
process  at  Belleisle,  Exeter,  I  obtained  the  following 
results: — 

Table  XVI. 


Septic  Tank  System  of  Setcage  Treatment, — Exeter  (Belleisle) 
Installation. — Summary  of  Analyses, 


Apniaad  June,  I8i»7. 


Crude  iwwji^,  ATer-  1 
ngu  of  VA  sampler.  ] 


FurillcatioD  p«  ) 
cent.  „.       ...  ( 

I'iltrftte,  rtveragB  a*  j 

riiTifl£J*tioii    on  . 
tank     eOluent  J 

PuriUcadon    oalj 
pcreetit. j 


QraiiM  per  grallon. 


I- 


IM 


1-M6 
30'S 


Ammonm. 


Frtffl. 


ana 

3-7d3 
I '70S 

as-a 


17-a 
6S'a 


a 


6*a 


Nitrogen.    I    Buiip«.iided 
Bolidfl. 


^^2^l8 


o-a&B 


Si'6  lO'O 


ICS^  8-5 


U-5 


78 


nil. 


20'fi 


ao-T 


445 


161 


20-0 


160 

iva 


Ei» 


From  the  analyses  of  the  crude  sewage,  it  will  be  seen  that 
the  average  quantity  of  suspended  matters  present  was  24*5 


Suspended  Waiters  in  Tank  Effhienf. 


gniins  per  gallon.  Aa  the  tank  elllueiit  ooutained  an  average 
of  10*8  grains,  13'7  graini  per  gallon  must  have  remained 
in  the  septic  tank.  As  the  average  daily  quantity  of  eewoge 
during  the  ten  months^  as  meaBured  hy  Mr.  Martin,  was  57,000 
gallons,  the  total  quantity  of  gnspend&d  solids  arrested  in  the 
tank  was  equal  to  150^7  tons  of  sludge  of  90  per  cent* 
moisture. 

As  the  tank  etHuent  contained  10^8  grains  per  gallon,  and 
the  enke-hreesse  filtrate  practically  no  suspended  matter,  it  is 
evident  that  at  least  10  grains  must  have  heen  arrested  or 
rendered  soluhle  by  the  bacterial  action  in  the  filters,  thus 
accounting  for  110  tons  of  sludge  during  the  ten  months. 

Summarising  the  general  results  of  this  examination,  it  is 
clearly  demonstrated  that,  equally  with  the  Sutton  system, 
this  process  is  well  adapted  from  the  chemical  and  biological 
point  of  view  fnr  the  efficient  treatment  of  crude  sewage 
without  the  aid  of  chemicals,  dudge  presses,  &c. ;  and  that  by 
the  combined  system  of  tank  and  filter,  a  resulting  final 
effluent  is  obtained  from  the  Exeter  (St.  Leonards*  District) 
sewage  of  a  most  satisfactory  character,  having  fuU  regard  to 
modem  requirements. 

A  careful  series  of  tests  was  made  with  a  view  to  ascertain- 
ing whether  tlie  biological  action  ivithin  the  tank  caused 
any  alteration  of  temperatui'e ;  this,  however^  did  not  occur, 
the  average  temperature  of  the  outgoing  tank  effluent  being 
the  same  as  tluit  of  the  incoming  sewage.  The  average 
temperature  nf  the  filtrnte,  however  (48  deg.  Fahr.)  was  07 
deg.  Fahr.  higher  than  that  of  the  crude  sewage  or  tank 
effluent. 

A  microscopical  examination  was  made  of  a  sample  of  the 
leathery  scum  from  the  surface  of  the  sewage  in  tlie  septic 
tank.  It  consisted  of  granular  debris  with  various  organic 
remnants,  such  as  the  larva  of  an  insect,  spiral  vessels, 
vegetable    hairs,    decaying    ento7^a,    worms    (Anguillulcc), 
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decaying  uoiifervtu  and  muscular  fibre,  the  whole  matted 
together  into  a  gelatinous  mass,  and  swarming  with  bacteria 
of  various  kinds. 

It  has  been  suggested  that  the  use  of  a  closed  septic  tank 
enables  the  gases  given  off  during  the  anaerobic  process  to  be 
collected  and  used  for  lighting  and  heating  purposes. 
According  to  Mr.  Fowler,  the  results  of  measurements  made 
at  Manchester  indicated  that  about  one  cubic  foot  of  gas  was 
evolved  from  100  gallons  of  sewage.*  Mr.  Clark,  at 
Massachusetts,!  reported  on  this  point  as  follows : — 

Table  XVII. 


Temperatiu^  Fahr. 

Gallons  of  (ran 

per  ea<'h 

lOOgalloiu 

of  sewage 

pausing  through 

tank. 

Air. 

Sewage. 

10  mea«uremenU,  April  21  U»  Muy  1      

54 

51 

4-6 

H            „              May  2  to  May  22    

55 

52 

6-3 

22             „              July  10  to  July  20 

80 

74 

8-4 

October 

65 

65 

4-5 

Each  measurement  covercKl  a  period  of  24  hours,  except  in 
a  few  instances,  when  the  period  was  48  hours. 

In  the  course  of  a  most  thorough  investigation  on  the 
action  of  the  septic  tank  on  acid  iron  sewage,  carried  on  by 
Professor  Leonard  P.  Kinnicutt  and  Mr.  Harrison  P.  Eddy, 
which  was  published  in  the  Third  Report  of  the  Connecticut 
Sewerage  Commission,  the  quantity  and  quality  of  the  gases 
evolved  from  the  deposits  in  the  tank  were  carefully  examined, 


♦  Annual  Report  of  Rivorn  Deimrtiiient,  11)01,  p.  41. 

t  Thirty-Hcooud  Annual  Report  of  Massachusetto  State  Board,  p.  373. 
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with  the  results  set  out  iu  Table  XVlll.  The  amount  of 
sewage  passing  through  the  tank  equalled  2,350  gallons 
per  day : — 

Table  XVIII. 


Temperature. 

Qaa. 
Cubic  feet 

day. 

Gas  in  gallons, 

per  100  gallons 

aewage. 

Month. 

Sewage.             EfQluent. 

October    

67-1                    65-4 

9-16 

6-43 

2*95 

0-69 

0-69 

0-80 

0-80 

2-89 

8-12 

24-21 

14-65 

13-08 

12-17 

11-65 

1-80 

7-292 

2-912 

November    

December    

January 

61-9 
52-6 
51-6 
50-0 
48-6 
49-0 
54-8 
59-2 
72-6 
75-1 

o7-8 
61-0 
61-4 

48-0 
48-0 
54-7 
60-0 
72-6 
7.5  •  I 

2-046 

0-9389 

0-1878 

February • . . 

0-2196 

March 

0-0954 

April    

0-2546 

May 

0-9198 

*^  V 

June 

2-584 

July 

7-705 

J 

August    

4*631 

September  

October   

68-0                 67-8 
64-0                  62-8 
56-1                  54-1 
4815                49-3 
.58-57        1         58-41 

4-162 
3-873 

November  

December    

Mean 

3-709 

0-5729 

2-320 

1 

As  might  be  expected,  the  quantity  of  gas  varied  with  the 
character  of  the  sewage  and  the  temperature,  and  would  of 
necessity  vary  largely,  according  to  the  depth  of  deposit  in 
the  tank  and  the  degree  of  ventilation. 
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ITie  percentage   composition   of  the  gases,  according  to 
different  observers,  was  as  follows : — 


Tabj.e  XIX. 


Authority. 

Carbon' 
Dioxide 

-COa. 

Oxyjen 

In 

Marsh 

Oaa 
=CH4. 

Nitro- 

Hydro- 

Exeter—                               . 
DiBDIN 

RiDBAI.  ♦    

3-9 
3-5 
0-6 

60 

3-4 

5-6 
4-1 
2  6 
8-8 
9-8 
15-2 
17-0 
8-7 
80 
6-9 
6-3 
5-6 

22-7 
8-0 

0-5 

1-9 
12 
20 
1-0 
0-9 
1-5 
1-2 
1-3 
1-6 
0-6 
0-7 
0-9 

(Re- 
ported 
aH  CO.) 

0-8 
0-5 
0-4 
0-1 
0-2 
0-1 
0-2 
0-4 
0-4 
0-6 
0-3 
01 

4-6 
401 
24-4 

73-0 

78-9 

75-3 
76  9 
69-6 
13-3 
28-4 
26-9 
62-1 
63-8 
67-8 
72-4 
79-2 
76-8 

66-1 
42-2 
38-6 

16-0 

16-3 

16-4 
17  3 
2.3-6 
76-8 
60-7 
66-3 
29-5 
25-8 
32-2 
19-5 
13-5 
16-6 

2-2 

6-2 

36*4 

Manchester— 

FOWLEB  t 

6-0 

Lawrence— 

Gill  1    

Worcester  (Mass.)  — 

KiNNICUTT  AND  HaERISOX  — 

October 

November 

December 

March     

April 

M^y    

June   

July    

September 

October 

November 

December  . , , , , 

Mean 

8-2 

1-2 

0-34 

67-7 

32-5 

Messrs.  Kinnicutt  and  Harrison  remark  on  their  results  as 
follows: — "As  is  seen,  wo  have  never  been  able,  with 
Worcester  sewage,  to  obtain  results  comparable  to  those  given 
by  Dr.  Rideal  as  the  composition  of  the  gas  given  off  from 


•  **  Sewage  and  the  Bacterial  Purification  of  Sewage,"  p. 

t  Manchester  Report,  1901,  p .  41. 

X  Massachusetts  State  Board  Report,  1899,  p.  422. 
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the  Beptiu  t^iuk  at  Exeter.  The  smaUest  amount  of  carbon 
dioxide  found  by  ub  in  any  analysis  was  2  per  cent.,  wbila 
the  largest  amount  ever  obtained  equals  22  per  cent. 
HjdTOgen  was  found  only  in  a  very  few  ca8<?B,  and  the 
aiDount  wftB  always  under  4  per  cant.,  and  the  cases  were  ao 
very  few  in  which  the  analysis  gave  any  hydrogen  that  we 
are  inclined  to  believe  that  possibly  the  reault  was  due  to 
errora  isauBed  by  too  violent  explosions  of  the  gfis  mixture. 
We  have  also  never  been  able  to  confixni  Professor  Gill's 
result  as  to  the  presence  of  carbon  monoxide.  In  the  process 
of  analysing  the  gas  there  is  an  absorption  varying  from  0'2 
to  0*8  per  cent-  wlien  the  gas  is  shaken  with  an  ammoniacal 
solution  of  cuprous  chloride ;  but  this  same  gas^  even  when 
two  liters  were  taken,  failed  to  give  either  the  iodine  pent- 
oxide  reaction  or  the  blood  test  for  carbon  monoxide," 

The  numerous  trials  which  have  been  made  of  "  open  septio 
tanks"  by  utiHsing  di^ftirded  chpTuieal  precipitation  tanks 
has  frequently  led  to  serious  complaints  of  nuisanoe,  and 
when  the  effluents  tht^refrom  are  spread  on  the  stirface  of  open 
fUt^ers  the  nuisance  is  still  further  enhanced.  This  has  been 
held  to  bo  a  serious  bar  to  the  use  of  distribution  by  means  of 
sprinklers  over  filters.  The  suggestion  has  therefore  been 
made  to  modify  the  size  of  the  tanks  and  consequent  time  of 
passage  of  the  sewage  through  them,  so  that  this  shoidd  not 
occupy  more  than  from  four  to  six  or  eight  hours.  Dr.  Clowes 
found  at  Crossness  that  six  hours  was  sufficient.  Now  that  it 
is  established  that  the  whole  of  the  sludge  is  not  destroyed  in 
the  tanks,  there  is  little  reason  for  constructing  these  lai*ger 
than  is  actually  necessary  to  secure  the  prevention  of  grit^  &e. 
going  on  the  aerobic  contact  beds  when  these  are  used. 
Indeed,  recent  experience  seems  to  trend  in  the  direction 
of  the  possibility  of  the  whole  of  the  sludge,  including  the 
gritj  being  passed  dii'ectly  on  to  the  primary  or  **ooarse" 
bed  J  and  there  retained  in  distributing  grips  or  carriers  formed 
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by  shullow  depressions  ruuning  '*  herring-bone  *'  fashion  over 
the  beds  and  filled  with  finer  material.  The  sewage  deposits 
its  grosser  solids  in  these,  and  the  water  escapes  through  the 
porous  sides  into  the  beds.  The  deposit  in  the  carriers  is 
removed  from  time  to  time,  and  when  tliroT^n  on  a  "  spoil- 
bank  "  gradually  dries  up  into  a  dark  friable  mass  resembling 
loam,  without  nuisance  of  any  kind.  This  is  only  a  slight 
modification  of  the  original  coarse-bed  treatment,  originally 
introduced  at  Sutton,  where,  however,  the  deposit  instead  of 
being  removed  was  dug  into  the  bed,  wliich  continued  to  work 
satisfactorily  for  over  five  years  until  it  was  displaced  in  con- 
nection with  the  enlargement  of  the  works. 

In  the  case  of  Sutton,  however,  the  sewage  is  of  a  purely 
domestic  character,  and  is  collected  by  a  modem  "  separate 
system,"  so  that  it  contained  a  minimum  quantity  of  mineitd 
debris.  By  means  of  the  carriers  even  large  quantities  of 
grit  would  be  retained  and  the  beds  kept  in  full  working  con- 
dition for  prolonged  periods.  The  expense  of  occasionally 
cleaning  the  carriers  need  not  he  large  if  proper  means  of 
convening  the  deposit  from  them  to  the  spoil-bank  be  adopted. 
This  might  best  be  by  means  of  a  trolley  running  on  light 
rails  down  the  length  of  the  beds.  The  trolley  could  be 
moved  forward  as  the  work  advanced  and  the  consequent 
saving  in  labour  be  considerable. 

It  is  now  generally  accepted  that  no  process  is  capable  of 
entirely  abolishing  the  sludge  diflSculty,  whether  the  work  be 
carried  out  on  a  farm,  a  bacterial  installation,  or  chemical 
process,  and  it  is  useless  to  attempt  to  do  more  than  minimise 
the  nuisance  caused  thereby  and  the  cost  of  its  prevention. 
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Ik  the  case  of  fann  irrigation  with  either  the  effluent  or 
crude  sewage,  the  process  is  essentially  a  haoterial  one.  The 
usual  pra<5tice  is  to  run  the  sewage  or  effluent,  as  the  case 
may  be,  over  fields  prepared  hy  means  of  drainage  trenches, 
and  by  ploughing  from  time  to  time  ;  and  thus  to  allow  the 
light  suspended  matters  to  he  retained  on  the  soilj  where 
they  are  consumed  by  various  organiflmSj  bacterial  and  other- 
wise* The  objections  to  this  method  ai*©  that,  in  the  first 
instance,  the  expense  of  the  land  and  laying  it  out  is  very 
considerable.  After  a  time,  when  the  land  has  become  dogged 
with  filth  from  the  sewagej  where  this  is  used  crude,  a  nuisance 
is  apt  to  be  iTeated  by  the  odours  from  the  fields. 

Another  cause  which  often  explains  the  unsatisfactory 
nature  of  the  effluents  from  land  which  is  to  all  appearance 
suitable  and  properly  worked,  is  the  fact  that  on  the  system 
of  working  with  open  underdrains  the  water  sooner  or  later 
outs  its  way  through  the  soil  in  minute  chamiela  direct  to  the 
imderdfains,  and  instead  of  coming  into  contact  with  the 
whole  of  the  soil  it  flows  away  in  ahnost  as  bad  a  condition 
as  when  it  wois  put  on  the  surface. 

By  the  intermittent  action  in  what^  for  conTenience,  are 
termed  bacteria  beds,  this  free  escape  of  the  water  along  lines 
of  least  resistance  is  prevented  in  consequence  of  the  under- 
drains being  closed  during  the  process  of  filling  the  beds,  as 
well  as  while  they  are  standing  fuU.     The  water  must  then 
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flow  laterally  to  all  parts  of  the  bed,  the  full  effective  capacity 
of  which  is  utilised. 

Indeed,  it  is  now  clear  that  the  success  of  all  sewage 
fanning  operations,  or  what  is  generally  known  as  "land 
treatment,"  is  entii*ely  due  to  the  healthy  aerobic  working  of 
microbic  life,  and  that  when  Dr. — later  Sir — Edward  Frank- 
land  introduced  liis  system  oFcIo wnwardT  intermittent  filtra- 
tioiiV'tlie  success  of  the  method  was  duo  to  bacterial  action, 
the  following  comparison  of  results  obtained  by  sewage  farms 
and  the  Sutton  bacteria  beds  will  show  the  work  accomplished 
by  the  latter,  which  in  respect  to  the  degree  of  nitrification 
especially,  is  decidedly  superior : — 

Sixth  Eeport.    Rivers  Pollution  CoMmssiON,  p.  57. 

Avera(jf  Lamf  Drainage  Water  from  Sewage  Farms, 

Average  organic  carbon    -        -        -    0*982  pte.  per  100,000 
Average  organic  nitrogen-        -        -     0*191    ,,  ,, 

Average  nitrogen  as  nitrates,  &c.      -     0*756    ,,  ,, 

Sutton  Effluent  from  Fine  Bed. 

Average  organic  carbon    -         -        -     1*016  pts.  per  100,000 
Average  organic  nitrogen-         -        -    0*172    ,,  „ 

Average  nitrogen  as  nitrates,  &c.       -     2*19      ,,  ,, 

Rivers  Pollution  Commission  Standard  for  Effluents. 

Organic  carbon         -        -        -        -     2*000  pts.  per  100,000 
Organic  nitrogen      -        -        -        -    0*300    ,,  ,, 

The  effluents  obtained  at  Sutton  from  strong  "separate 
system"  sewage  were  therefore  comparable  with  those  obtained 
from  average  sewage  farms,  and  contained  only  about  one- 
half  the  quantity  of  organic  carbon  and  nitrogen  considered 
permissible  in  a  good  effluent  by  the  Rivers  Pollution  Com- 
mission. 
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N^.io^  'ti  'iiis  case  the  solids  are  retained  on  the  surface, 
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Diagram  C  shows  a  similar  state  of  things  when  the  water 
is  put  on  to  a  porous  or  gravelly  soil  deeply  underdrained. 
For  a  whilp  the  results  \\dll  be  excellent,  but  in  the  course  of 


"^^f^m^m^^^m^^ 


DrAORAM    V. 

time  channels  will  be  washed  out,  and   through  these  the 
effluent  escapes. 

Diagram  D  sliows  the  arrangement  suggested  for  the  more 
perfect  treatment  of  the  sewage  by  means  of  bacterial  treat- 
ment. A  certain  quantity  of  the  land  is  removed,  and  the 
sides  and  bottom  of  the  **  tank  ''  or  hollow  thus  created  may 
be  puddled  with  clay,  or  concreted  if  on  a  very  porous  soil,  to 
mako  it  water-tight.     Drainage  pipos  are  then  laid  on  the 
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bottom,  and  the  space  is  filled  with  some  coarse  material, 
such  as  coke,  clinker,  broken  granite,  slates,  chalk,  burnt 
ballast,  &c.,  coke,  clinker,  or  ballast  being  preferred,  as  having 
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rougher  siirfaeesj  and  entangling  considerable  quantities  of 
air  when  the  bed  is  refilled  after  Btanding  empt}\  A  penstock 
or  sluice  is  fitted  on  the  outlet  drain,  in  order  to  lock  the 
Bewage  in  the  bed  for  a  definite  time,  as  already  explained* 
By  tJiis  means  the  sewage  is  brought  into  contact  witli  each 
particle  of  which  the  bed  is  composed,  instead  of  being  allowed 
to  find  its  way  directly  to  the  undenlrains,  IfVhen  a  sxifficient 
time  has  elapsed,  the  effluent  is  allowed  to  escape  on  to  a  ^ 
j^imilar  bed  at  a  lower  level,  but  filled  with  fine  materials. 
Here  it  undergoes  the  second  '*hactenaP*  treatment,  antl  is 
ultimately  discharged  in  a  sufficiently  purified  condition.  f 

A  typical  pair  of  beds  is  shown  in  diagram  E.  It  will 
thus  be  seen  that  a  coarse  bed  treatment  of  the  crude  unsettled 
sewage  is  really  equivalent  to  broad  irrigation,  and  that  on 
the  fine  bed  to  effluent  irrigationj  hut  starting  in  this  caee 
with  a  better  effluent  than  is  usually  obtained  by  means  of 
chemical;  and  thus  the  effluent  from  broad  irrigation  on  a 
ooai-ee  hiicteria  btd  is  well  fitted  for  the  second  treatment  by 
effluent  irrigation  on  a  fine  bacteria  bed. 

Prom  these  oonsiderations  it  will  be  seen  that  the 
**  bacterial  pi^oc-ess"  worked  out  at  Barking  Creek  and  Sutton 
is  iami  iiYafmpnf\  but  concentrated,  accelerated  and  controlled, 
and  therefore  effective  and  economical ;  whilst  "  land  treat- 
ment** as  generally  practised  is  haphazard,  uncertain,  and 
expensive. 

The  provision  of  land  as  a  final  safeguard  may  be  met 
most  completely  by  a  third  fine  bacteria  bed  or  a  sand  filter — 
in  other  words,  by  an  area  of  land  properly  prepared  and 
drained,  and  m  arranged  that  all  the  effluents  from  tlie 
previous  beds  mmi  pass  tlirough  it ;  thus  securing  triple  land 
treatment,  but  on  an  area  of  knd  considerably  less  than  that 
usually  employed, 

TTnder  the  conditions  of  broad  irrigationj  or  of  land  trent- 
ment  of  a  chemical  effluent,  the  water  is  charged  ^ilh  a 
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oertain  amouiit  of  floccident  matter,  When  this  is  spi^ead  oYer 
the  land  day  after  day  a  matted  deposit  is  formed  on  the 
fiurfiice,  resulting  in  the  dogging  of  the  pores  of  the  soil,  and 
ita  oonsequent  "sickening"  at  an  earlier  or  later  period. 
Every  gardener  knows  the  great  importance  of  freely  hoeing 
the  ground  in  order  to  promote  '*  growth ; "  in  other  words, 
to  allow  the  ground  to  breai/te.  Nothing  is  more  fatal  to 
free  vegetation  than  daily  watering  the  ground^  in  hot 
weather  especially,  without  equally  frequent  hoeing,  and  thus 
causing  the  soil  to  eako  into  either  u  hard,  close  surface,  or, 
in  the  ease  of  too  much  water^  tiirning  it  into  a  dismal  swamp, 
equally  impervious  to  air.  As  the  frequent  hoeing  of  acres 
of  fann  land  would  be  all  but  impracticable,  on  account  of 
the  expense,  it  becomes  a  matter  for  question  m  to  whether 
the  desired  result  cannot  be  equally  well  or  even  better 
attained  by  other  means. 

As  regards  land  filtration^  one  condition  which  often  gives 
riae  to  nnsatisfactorj'  resulta  when  the  levels  are  unfavour- 
able is  that  when  a  river  is  in  flood  the  outfall  drains  are 
partially  closed,  and  thus  the  water  cannot  diuin  away  with 
sufficient  rapidity,  and  the  field  or  plot  in  question  becomes 
waterlogged,  air  cannot  get  into  it,  and  an  imhealthy  condition 
arises,  as  is  evidenced  by  the  wholesale  drowning  of  the  worms 
in  the  soiL  In  no  case  should  the  water  be  allowed  to  stand 
aboye  the  surface  of  the  soil,  or  within  it,  for  a  longer  period 
than  a  few  hours. 

The  extent  to  which  land  can  treat  an  effluent  free  from 
suspended  matter  can  be  estimated  from  the  consideration 
that  one  acre  of  land,  nnderdmined,  five  feet  deep,  will  havo 
a  total  cubic  content  of  217,800  cubic  feet.  If  the  quantity 
of  water  the  land  ca.n  take  be  estimated  at  only  one-tenth  of 
the  total  cubic  content,  then  one  acre  five  feet  deep  wiU  take 
at  each  filling  130,125  gallons. 

The  resulta  of  experiments  at  Leicester  and  Croydon  have 
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ihown  that  the  beat  results  on  land  are  obtained  by  allowing 
the  sewage  to  pass  tbjough  a  detritns  tank,  then  on  to  coarse 
contact  beds,  and  thenot?  to  the  land. 

In  watering  soil,  undoubtedly  the  best  way  ia  to  ajrango 
80  that  the  liquid  m  absorbed  into  the  ground  by  capillary 
attraction  Tvithout  diEturbing  the  surface,  which  would  thus 
remain  opan  and  friable,  and  consequently  in  the  best'^breath- 
iug  "  condition.  This  result  can  be  attained  by  the  system 
of  first  ti-enching  the  ground,  if  clay,  with  a  plentiful  admix- 
tm^e  of  ashesj  and  then  cutting  trenches  throughout  its 
length,  say,  ten  yards  apart*  Between  these  trenches,  down 
tho  centre  of  the  beds,  as  the  intervening  ground  may  be 
termed,  agrieultural  drainoge  pipes  should  be  laid  at  a  proper 
depth  J  just  below  the  level  of  the  bottom  of  the  trench,  or 
deeper,  if  the  subsoil  is  of  an  open  and  porous  character.  The 
seed  or  plants  should  be  sown  or  set  on  these  beds,  and  a 
daily  charge  of  effluent,  free  from  suspended  matter,  such  as 
that  yielded  by  the  fine  coke-breeze  beds  worked  on  biological 
principles,  turned  into  the  trenches.  This  clear  water  will 
be  soaked  up  by  the  intervening  earth,  which  will  thus  be 
kept  moist  m  a  degree  exactly  suited  to  the  exigencies  of  the 
plant  life,  and  the  excess  of  flaid  will  find  ita  way  through, 
say,  five  yards  of  soil,  to  the  drainage  pipes,  thereby  imder- 
goiug  fiuiher  purification  in  a  thoroughly  effective  manner. 

When  the  climatic  conditions  are  such  as  to  render  the  ap- 
plication of  the  effluent  to  the  land  inadvisable,  it  can  be  sent 
direct  into  the  river,  as  the  degree  of  purification  akeady 
effected  in  the  bacteria  beds  ^viU  be  ample.  By  so  doing  the 
manurial  constituents  in  tlie  liquid,  viz.,  the  phosphoric  acid, 
potash,  and  nitrogen,  will  not  be  employed  on  the  land,  but 
as  the  water  will  not  be  exerting  it^  functions  in  "  drowning'* 
the  land,  they  will  be  at  least  doing  no  hami.  The  g^eat 
advantage  of  the  baeterial  system  of  treatment  is  that  the 
nitrogen  and  other  matters  in  their  original  foul  condition 
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are  converted  into  a  state  in  whicli  they  are  best  fitted  for  the 
support  of  vegetable  life,  just  as  they  appear  in  an  artificial 
manure.  The  process  which  takes  place  is  precisely  that 
which  the  fanner  and  gardener  employ  when  they  allow 
their  crude  fresh  manure  to  "  rot,"  as  they  term  it.  Until 
this  is  accomplished  they  do  not  think  of  spreading  it  on  the 
land.  In  the  same  manner,  the  crude  sewage  matters  are 
allowed  to  undergo  a  process  of  "  rotting ; "  in  other  words, 
disintegration  and  oxidation  by  bacterial  agency  on  specially 
prepared  beds. 

In  consequence  of  the  freedom  of  the  bacteria  bed  effluents 
from  suspended  matter  the  field  trenches  will  remain  pure 
and  sweet,  and  the  land  will  not  become  choked  with  foulness, 
commonly  described  as  "  sickened,"  and  thus  with  the 
exercise  of  proper  care  the  process  may  be  continued  in- 
definitely with  the  greatest  success. 

As  an  instance  of  what  may  be  done  in  this  way,  the 
experiments  made  in  mint  growing  at  Sutton,  Surrey, 
imder  the  direction  of  Mr.  C.  Chambers  Smith,  may  be 
quoted.  The  land  was  laid  out  as  above  described,  planted 
with  the  ordinary  field  mint,  and  irrigated  in  the  trenches,  a 
small  plot  at  the  head  of  the  field  receiving  effluent  on  the 
surface  in  the  usual  way.  The  crop  of  mint  obtained  was 
very  good,  except  in  that  portion  which  received  the  effluent 
on  the  surface.  Here  the  plants  were  far  between,  stunted, 
and  scorched  up  in  appearance,  whilst  those  in  the  beds 
between  the  trenches  were  thick  and  tall,  and  full  of  leaf 
down  to  the  bottom  of  the  stalk.  The  yield  of  oil  from  the 
four  acres  imder  cultivation  in  1898  was  119  lbs.,  or 
29  lbs.  14ozs.  per  acre,  which  produced  a  revenue  of 
£145  15«.  6rf.,  or  £36  8s.  lOJc?.  per  acre.  The  cost  of  dis- 
tillation was  equivalent  to  £4  8s.  9rf.  per  acre. 

From  this  experiment  it  is  clear  that  irrigation  over  the 
surface  is  a  great  blunder  when  a  good  effluent  is  obtainable ; 

i2 
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whilst  irrigation  by  means  of  trenches  is  not  only  most 
eflSoaoious,  but  profitable  in  no  small  degree. 

If  land  can  thus  be  made  to  yield  such  a  profit,  the  action 
of  the  Local  Government  Board  in  insisting  upon  the  provi- 
sion of  a  suitable  area  will  turn  out  to  be  of  the  greatest 
service  to  the  ratepayers.  Under  the  generally  existing  con- 
ditions sewage  farms  are  a  great  loss  and  inconvenience,  and 
are  viewed  with  widespread  dislike  by  the  public  at  large. 
The  arrival  of  the  bacterial  system  on  the  scene  promises  to 
remove  the  difficulty  and  turn  our  land  into  smiling  fields 
absolutely  free  from  all  suspicion  of  cause  of  complaint.  In 
the  place  of  sodden  ground,  yielding  nothing  but  rank  grass 
and  evil-smelling  miasma,  we  shall  have  dry  top  soil  covered 
with  a  healthy  vegetation,  the  leaves  of  which  have  never 
known  sewage,  nor  the  roots  either,  for  the  liquid  which 
reaches  them  will  no  longer  deserve  that  name.  The  pro- 
ductive power  of  the  land  will  be  greatly  enhanced,  and  the 
atmosphere  kept  as  sweet  as  if  no  such  thing  as  sewage  had 
ever  troubled  a  much  puzzled  committee. 
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CHAPTER  VIII. 

MANCHESTER  EXPERIMENTS. 

ly  May^SQS^  the  Corporation  of  Manchester  appointed  three 
experts,  viz.,  Mr.  Baldwin  Latham  (engineer),  Dr.  Percy  F. 
Frankland  (bacteriologist),  and  Dr.  W.  H.  Perkin,  Junior 
(chemist),  to  advise  as  to  the  best  method  of  purifying  the 
sewage  of  Manchester.  After  many  careful  experiments  on 
a  working  scale,  these  gentlemen  reported  on  the  30th 
October,  1899,  the  results  of  the  investigations  in  detail,  and 
formulated  their  conclusions  as  follows : — 

1.  That  tho  bacterial  system  is  the  system  best  adapted  for  the 
purification  of  the  sewage  of  Manchester. 

2.  That  any  doubts  which  may  have  arisen  in  the  first  instance  as  to 
its  suitability,  owing  to  the  presence  in  Manchester  sewage  of  much 
manufacturing  refuse,  have,  through  the  convincing  results  of  our  ex- 
perimental onquirj',  been  entirely  banished. 

The  results  obtained  have  altogethcT  exceeded  our  expectations  as  to 
the  possibility  of  puiifying  a  mnTmfar.fnrin|y  ^fiYfigft-  inasmuch  as  it 
was  previously  a  matter  of  common  belief  that  in  such  a  liquid  only  a 
most  insignificant  amount  of  nitrification  could  be  induced. 

3.  That  inasmuch  as  a  bacterial  contact  bed  can  only  effect  a^ofi^iifi 
amount  of  puiificution  in  u  ningle  contact,  it  becomes  necessary ^^in 
order  to  carry  tho  purification  beyond  this  limit,  to  apply  the  efflueat 
to  a  second  bod^n_ which  again  a  further  definite  amoiu^M  purifica- 
tion can  bQ  effectcfiiT"  Henco,  for  obtaining  a  high  degree  of  efficiency 
in  the  bacterial  purification  of  sewage,  a  system  of  multiple  contact  is 
generally  necessary.  Th\is,  it  may  be  taken  broadly  that  in  tho  first 
contact  50  per  cent,  of  the  dissolved  impurity  is  removed,  and  that  in 
the  second  contact  50  per  cent,  of  the  impurity  still  remaining  in  the 
effluent  is  disposed  of,  and  so  on. 

4.  In  order  that  a  bacterial  contact  bed  may  exercise  its  full  powers 
of  purification,  it  is  necessary — 

(a)  That  it  should  be  allowed  sufficiently  frequent  and  prolonged 

periods  of  rest ; 

(b)  That  the  sewage  applied  to  it  should,  as  fai-  as  possible,  be  free 

from  suspended  matters ; 

(c)  That  the  sewage  applied  to  it  should  be  of  as  uniform  a  character 

as  possible. 
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5.  The  above  ooaditions  ar0  secured  by  pasaing  the  sewage  as  it 
amves  at  tbe  works  tlirough  im  adequate  gyetein  of  screens,  catcKpita, 
and  tanks*  Suoh  an  arrangement  has  the  ftirther  important  adTantago 
of  leading  to  the  development  of  those  anaerobic  or  septic  proceaaies 
which  resolTe  into  gaseous  and  soluble  products  the  organic  suspended 
matter  present  in  tKe  sewage.  A  large  proportion  of  tlie  aewage- 
sludge  which  would  otherwiae  accumulate,  and  the  disposal  of  which 
is  the  source  of  so  much  difficulty  and  oxponse^  is  thus  abolisished. 
The  above  anaerobic  or  septic  proce&s  is  found  to  take  place  as  effec- 
tively in  an  open  tank  as  in  a  cloBod  one, 

§,  The  capacity  of  bacterial  contact  beds  has  been  found  to  remmii 
practically  constant  after  they  have  been  in  operation  for  a  period  of 
three  months,  Thia  capacity  i%  beet  referred  to  the  empty  tanks,  the 
measurement  being  taken  to  the  line  which  coirespondB  to  the  surJaco 
of  the  clinkcTB  which  are  subsequently  put  iu.  The  constant  water 
capacity  of  the  beds  has  been  found  on  this  baab,  in  round  numbers, 
to  be  about  one-third  of  Hie  tank  capacity* 

7.  With  regartl  to  the  amount  of  aewage  whicK  can  be  purified  by  a 
given  bed  without  the  latter  being  overtaxed,  our  prolonged  experi- 
mental enquiry  haa  ahown  that  each  bed  may  safely  receive  four 
fillinga  in  the  twenty* four  hours,  provided  the  sewage  has  undergone 
the  preliminary  subsidence  and  septic  preparation  in  tanks,  and  that 
the  bed  is  accorded  about  one  day's  rest  in  every  week.  In  the  event 
of  a  bed  having  been  unduly  taxed,  its  efficiency  is  only  temporarily 
impaired,  and  can  be  restored  by  a  few  days'  repose, 

8.  We  have  shown  that  storm  water  may  also  be  satisfactorily  dealt 
with  by  means  of  an  accelerated  bacterial  treatment,  which  can  bo 
brought  into  operation  as  soon  as  tho  sewage  is  sufficiently  dilute.  As, 
however^  until  about  two  hours  after  the  oommencement  of  heavy 
rain  there  is  no  abatement  in  the  concentration  ol  the  sewage,  it  will 
be  generally  necessary  to  provide  for  tho  storage  or  separate  treatment 
of  the  first  flow. 

0,  Our  oxperimentt^  show  that  the  bacterial  system  of  treatment  is 
efficacious  at  all  seasons  of  the  year,  the  temperature  of  the  newage 
being  sufficient  both  to  prevent  any  stoppage  of  the  beds  by  the  forma- 
tion of  ice,  and  also  to  maintain  the  necessary  activity  of  the  bacte^ria 
even  in  the  coldest  weather. 

In  view  of  the  experience  gained  and  aet  forth  above^  we  beg  here- 
with to  make  the  following  recommendations : — 

L  That  the  sewage^  as  it  arrives  at  tho  works,  be  submitted  to  an 
efficient  process  of  soreeningi  and  that  it  be  then  passed  through  the 
preaent  open  tanks*  Those  tanks  should  be  provided  with  submergod 
walls  and  floating  scum -boards,  so  as  to  retard  tho  flow  of  the  mineral 
and  organic    matters  in  8Ui|>enaion,     In   the  event  of  tho   present 


Report.  119 

screening  macliinery  proving  insufficient  to  remove  the  heavier  mineral 
matters  in  suspension,  it  would  bo  desirable  that  four  roughing  tanks 
should  be  added  to  the  present  tank  arrangements,  or  that  four  of  the 
existing  tanks  should  be  converted  into  such  roughing  tanks,  and  that 
four  additional  tanks  should  be  provided  to  take  their  place. 

2.  That  the  effluent  from  the  open  tanks  be  passed  through  the 
double  contact  beds. 

Of  these  double  contact  beds  we  estimate  that  there  should  be  an 
area  amounting  in  round  numbers  to  sixtj^r^  exclusive  of  retain- 
ing walls,  roads,  &c.  This  estimate  is  based  ona^dry-weaj^er  flow  of 
thMymillions,  and  that  each  acre,  being  laid  out  in  bods  ofJiiS^^fefilL. 
depth,  with  four  fillings  per  twenty-four  hours,  would  bo  capable  of 
dealmg  with  half-a-million  gallons  of  sewage  in  round  numbors« 
allowing  for  one  day  per  week  rest. 

The  bacteriological  or  biological  bods  would  be  constructed  in  pairs, 
high  level  and  low  level,  of  about  half  an  acre  each,  for  the  purpose 
of  being  able  to  get  the  sewage  quickly  upon  them.  Division  walls 
between  the  pairs  of  filters  would  be  made  to  serve  the  purpose  of  both 
a  sewage  carrier  and  a  drain.  The  upper  channel,  conveying  the 
sewage  on  to  the  higher  level,  would  also  have  below  it  a  drainage 
channel  for  conveying  away  the  effluent  and  taking  it  to  the  low-level 
beds,  the  arrangement,  however,  being  such  that  either  crude  sewage 
or  effluent  can  be  turned  upon  the  lower  beds. 

The  arrangements  for  draining  the  filters  now  proposed  to  be  con- 
structed are  simply  to  form  proper  channels  in  concrete,  covered  with 
perforated  slabs,  without  the  use  of  pipes,  and  so  constructed  that  the 
effluent  channels  can  be  kept  filled  with  the  effluent,  and  thus  avoid 
crude  sewage  passing  into  them,  or  that  they  may  at  anytime  be  com- 
pletely drained  into  the  main  pick-up  channel. 

Mechanical  arrangements  will  also  be  made  for  the  purpose  of  dis- 
tributing the  sewage  over  the  surface  of  the  beds,  which  is  a  matter  of 
some  importance  ;  and  the  construction  will  enable  the  whole  of  the 
openings  on  to  one  bed  to  be  simultaneously  opened  or  closed,  so  as  to 
avoid  loss  of  time  by  the  men  passing  from  one  opening  to  another. 

The  final  effluent  from  the  various  filters  would  be  collected  and 
conveyed  into  the  existing  deep-water  culvert  which  passes  through 
the  lands  at  Davyhulme,  and  would  thus  convey  the  effluent  into  the 
Manchester  Ship  Canal  below  Barton  Lock. 

3.  With  regard  to  the  material  most  suitable  for  the  bacteria  beds, 
we  should  recommend  that  it  consist  of  clinkers,  of  such  a  size  as  to 
pass  a  Ij^-inch  mesh  and  to  be  rejected  by  a  |-inch  mesh.  Efflcient 
means  must  be  provided  for  rapidly  filling  and  discharging  the  beds. 
The  beds  should  be  so  constructed  as  to  allow  of  each  being  used 
independently. 
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4.  During  tlie  occurrence  of  a  storm  the  flow  of  sewago  ^ould  be 
dealt  with  in  the  Bystt?m  of  tanks  and  doublo  contact  beds.  The 
excegii  of  floWj  after  passing  tkrongh  the  roughing  tanks,  sboiUd  be 
taken  to  specially  prepared  bacteria  beds  of  an  area  which^  we  j>ro>i- 
fcionally  estimate,  will  hare  to  be  of  at  least  twentj-fiva  acres  in 
extent* 

As  a  safeguard  against  exoeasiTo  quantities  of  storm  water  passing 
down  at  any  time^  the  present  sewage  tanks  may  have  an  increased 
depth  of  water  put  upon  them*  At  present  the  tanks  bave  a  capacity 
of  12 '3  million  gallons  per  day,  and  this  may  bo  readily  increased  to 
about  ]  5  million  gj*llons  per  day  by  raising  the  walls  of  the  tanks. 

When  a  tank  is  required  to  bo  cleansed,  which  will  be  very  seldom, 
the  case,  it  will  be  necessary  for  part  of  the  liquid  contents  to  he 
pumped  into  the  sewage  channels,  so  as  to  be  capable  of  being  treated 
in  other  tanks. 

Finally^  we  may  state  owr  confident  opinion  that  with  the  system  of 
bacteriological  treatment  of  the  sewage  of  Manchester  set  forth  above, 
an  effluent  wlU  he  produced  which  will  not  onlj''  conform  with  the 
Mersey  and  Irwell  Btatidard,  but  which  wiU  also  materially  improve 
^ecopditian_j^-tte  Ship^anaL  FurtEermore,  aslEifl  system  does 
away  entirely  with  the  use  orchemicals,  and  at  tho  same  time  to  a 
Tery  large  extent  reducess  the  volume  of  the  dudge  to  he  dealt  with,  it 
ia  obvious  that  much  of  the  present  expense  will  he  Bayed  by  its  adop- 
tion, and  this  saving  may  be  taken  as  a  material  set-off  against  tie 
cost  of  the  construction  of  the  proposed  works. 


As  a  result  of  these  conckifiions,  the  Corporation  of  Man- 
chester applied  to  tho  Lociil  Q-ovenimeut  Board  for  permission 
to  borrow  £160,000  for  the  piirificatian  of  23,000,000  gallous 
of  sewage  daily  on  haoteria  beds. 

In  his  evidence  at  that  inquiry  Dr.  Peroy  Fran k1  and 
stated  that  the  chemical  treatment  of  Manchester  sewage 
should  be  abandoned,  and  a  real  purification  process  should 
be  introduced*  Bacteria  effect  tho  purification.  Land  treat- 
ment is  the  same  as  bacterial  treatment,  but  the  conditions 
are  haphazard  ;  whilst  in  the  other  case  they  are  accurately 
aBcertained  beforehand.  It  is  simply  a  development  of  land 
treatment,  nothing  else.  As  a  consequence  of  their  visits  to 
other  places  they  instituted  these  experiments.  They  found 
that  they  could  ^eat  the  very  strongest  sewage  which  they 
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have  had  from  the  sewers  at  Manchester.  The  purification 
by  the  combined  beds  was  82*2  per  cent. 

Mr.  Baldwin  Latham, M.Inst.C.E., said :  The  great  principle 
is  to  fill  the  bed  as  quickly  as  possible.  The  air  follows  the 
water,  and  there  is  no  necessity  to  pump  air  into  the  beds.  The 
oxygen  in  a  gallon  of  air  is  seventeen  times  as  great  as  that 
which  is  required  to  oxidise  the  fluid.  The  beds  have  been 
worked  three  times  a  day  regularly,  and  four  or  five  times  if 
necessary.  They  have  enormously  improved  in  working.  They 
would  be  less  affected  by  cold  weather  than  would  land 
filtration.  The  process  will  dispense  with  chemical  treatment 
altogether,  and  will  deal  with  the  storm  water. 

Dr.  Perkin  said :  I  have  come  to  the  conclusion  that  the 
bacteriological  system  is  the  only  feasible  system. 

Major- General  Crozier  :  As  regards  Manchester? 

Dr.  Perkin :  "  No,  as  regards  the  world I  think  we 

shall  find  that  the  clogging  will  not  be  so  serious  as  is  usually 
supposed  to  be  the  case,  and  that  the  crude  sewage  can  then 
be  run  on  to  the  first  filter  without  any  sedimentation  at  all. 
That  would  do  away  with  the  sludge  steamer,  the  expense  of 
which  is  £7,000  per  annum." 

The  view  expressed  by  Dr.  Perkin  at  that  stage  of  the 
experiments  is  one  which  it  was  originally  hoped  might  be 
foimd  to  be  the  case  in  regard  to  a  large  number  of  in- 
stances; but  it  is  clear  that  it  can  be  only  accomplished 
when  careful  fine  screening  is  resorted  to,  and  the  surface 
of  the  beds  divided  into  distributing  channels  which  collect 
mineral  and  highly  resistant  material.  By  this  means  the 
necessity  for  the  open  tank  for  collecting  the  grit  and  sub- 
jecting the  organic  matter  to  anaerobic  action,  with  the  risk 
of  the  production  of  most  foul  odours,  is  done  away  with. 
The  use  of  such  distributing  channels  has  been  long  employed 
in  connection  with  land  treatment,  and  it  remains  to  be  seen 
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how  far  tht^ir  intelligeiit  use  will  assifit  in  effecting  the  solu- 
tion of  the  sludge  difEcultj. 

Mr,  Baldwin  Latham  is  at  present  of  opinion  that  "  eon* 
trolled  filtration,  m  in  use  at  Friem  Bamet  for  the  last 
seventeen  jeara,  will  in  future  he  the  proper  system  for 
adoption^  as  the  contact  is  very  much  longer  on  the  heda,  the 
air  is  always  preaentj  and  the  results  of  purification  are  much 
more  satisfactorj^  all  the  effluents  contain  a  much  larger 
amount  of  nitrates,  enormously  in  excess  of  that  got  in 
ordinary  contact  heds,  yet  the  quantity  treated  is  equal  to 
that  of  any  set  of  double  contact  beds." 

As  a  result  of  the  above-mentioned  inquiry,  the  Local 
Government  Board  admitted  the  i>rinciples  of  purification 
involved  in  the  e:sperts*  scheme,  but  required  certain  con- 
ditions to  be  fulfilled  before  granting  the  loan,  the  chief  of 
these  being  the  provision  of  ninety-two  acres  of  beds  instead 
of  the  sixty  acres  recommended  by  the  experts,  and  the  final 
treatment  of  the  filtered  effluent  upon  land. 

The  City  Council  instructed  plana  and  estimates  for  both 
schemes  to  he  laid  before  them,  and  finally  decided  to  fall  in 
with  the  requirements  of  the  Loeai  Government  Board. 

Full  borrowing  powers  have  now  been  granted,  and  the 
works  of  constniction  are  being  rapidly  pushed  forward,  the 
beds  being  brought  into  use  as  soon  as  completed. 

Tlae  work  of  experimental  treatment  lias  been  c^jefuUy 
continued  under  the  able  direction  of  Dr,  Gilbert  J.  Fowler, 
superinteudent  and  chemist^  and  Mr.  James  P.  Wilkinson, 
engineer  to  the  corporation.  By  the  kind  permission  of  the 
Rivers  Committee  of  the  Corporation  of  Mauchesterj  I  am 
enabled  to  give  the  following  particulars  of  the  position  of 
the  Manchester  Sewage  Works  up  to  Jidy,  1902,  which  are 
abstracted  from  a  report  prepared  jointly  by  Dr.  Fowler  and 
Mr,  Wilkinson,  wliich  was  presented  to  the  committee  by  the 
chainuanj  Sir  Bosdin  T,  Leech* 
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Quantity  and  Character  of  Sewage. 

The  drainage  area  of  Manchester,  including  portions  of  Audenshaw 
and  Stretford,  is  11,800  acres. 

The  population  coupled- up  to  the  sewers  was  estimated  in  March, 
1902,  at  564,000,  whilst  the  rateable  value  for  sanitary  purposes  was 
£3,523,000. 

There  are  upwards  of  1,700  miles  of  sewers  within  the  City  area; 
these  vary  in  size  from  14  ft.  by  10  ft.  6  in.  to  9  in.  in  diameter. 

The  water  supply  per  head  of  the  population  is  estimated  at  twenty- 
nine  gallons  per  day,  of  which  sixteen  gallons  are  used  for  domestic 
purposes,  the  remainder  being  available  for  trade. 

The  number  of  pail  closets  on  March  31st,  1902,  was  73,915,  and  the 
number  of  waterclosets  45,686.  The  number  of  street  soughs,  esti- 
mated in  1896,  was  about  90,000. 

The  rainfall  in  Manchester,  taken  at  Oldham  Eoad  during  the  past 
three  years,  has  been  as  follows : — 

1900 32-585  inches. 

1901 34-471 

1902 28-645 

Including  storm  water,  the  average  daily  flow  of  sewage  for  the 
year  ending  March  27th,  1901,  was  34,071,019  gallons,  whilst  the 
average  daily  dry- weather  flow  was  25,700,000  gallons. 

A  comparison  of  the  dry-weather  flow  on  different  days  of  the  week 

gives  the  following  results  : — 

Average  Bate 
Day  of  the  Week.  per  24  hours. 

Gallons. 

Tuesday 27,539,000 

Friday    27,458,000 

Wednesday   27,268,000 

Thursday  27,011,000 

Monday 25,364,000 

Saturday    24,336,000 

Sunday  20,924,000 

The  greatest  daily  flow  recorded  was  on  Tuesday,  August  7th,  1900, 
when  163,624,000  gallons  passed  down  to  the  outfall  works.  The 
greatest  rate  of  flow  registered  was  from  9  p.m.  to  11  p.m.  on 
August  6th,  1900,  when  it  reached  222,625,000  gallons  per  twenty- 
four  hours. 

These  excessive  flows  were  in  part  caused  by  floods  in  the  Bivers 
Irwell  and  Medlock.  These  floods  backed  up  some  of  the  storm -water 
overflows,  provided  at  certain  points  on  the  main  drainage  system, 
into  the  main  sewers,  thus  considerably  augmenting  the  flow  at  Davy- 
hulme. 
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The  dry- weather  flow  ia  oonsiderably  in  msjoem  ol  the  theor&^cal| 
quantity  deduced  from  the  water  supply*     The  greater  part  of  tJuBJ 
6xceee  im  ajccoauted  for  by  Bubeoil  water  entering  the  !»ewers ;  the  j 
16  Bont  in  by  those  manufacturers  who  use  water  from  wella  and  otliaff  J 
eoujoes. 

Under  normal  conditions  the  trade  effluents  fotm  about  5  per  cent 
of  tJie  total  sewage  received  at  Davyhulme.    Much  of  the  impurit 
thus  eontribiitod  is  in  solution  ^  and  is  for  the  moat  part  unaffected  hy^ 
the  lime  and  copperas  treatment  in  us©  at  the  outfall  works. 

The  following  are  among  the  chief  trade  effluents  which  are  dis- 
charged into  the  Manoheeter  sewers :— Ammonia  recovery  liquor,  con- 
taining ammonia,  Bulphooyaimtes,  tracer  of  pyridine  and  other  tar 
products;  benzol  washings,  containing  sul phonic  acidi  of  naphtha- 
lene^  &Cp  ;  also  the  waste  liquors  from  breweries,  dye  and  ble^eb 
works,  gairanising  works,  grease  refineries,  tanneri&s,  rubber  goods 
works,  tripe-dres«mg  works,  and  mineral  water  manufactories. 

The  aboFe  efHuent^s,  althougli  in  moat  cases  nou-putTefactive,  and 
in  aomo  cases  even  antiseptic,  greatly  increase  the  analytical  numbers. 


Beseriptioa  of  Sewage  Outf^  Works. 

The  present  works,  which  first  came  into  operatioti  in  the  spring  of 
1894,  are  designed  for  tho  treatment  of  sewage  by  chemical  precipita- 
tion>  The  sewage  a^  it  reaches  the  works  passes  through  a  system  of 
soreens  and  catchpits  designed  to  intercept  the  coarser  floating  matter 
and  heavy  detritus*  It  is  afterwards  treated  with  lime  and  copperas. 
These  together  form  a  fli>cculent  precipitate  which  carries  down  the 
lighter  suspended  matters,  causing  them  to  settle  in  the  tanks,  tha^ 
clarified  effluent  fiowicg  into  the  Ship  Canal.  The  precipitated  nrnttsr^l 
or  sludge  is  pushed  from  the  tanks  by  manual  labour  into  channels 
leadiug  to  two  ejoetors,  from  which  it  is  forced  under  air-pressure  into 
two  storage  tanks  near  the  banks  of  the  Ship  Canal  below  Barton 
Locks.  Prom  those  tanks  it  flows  by  gravity  into  the  sludge  steamer, 
and  is  deposited  at  sea  beyond  the  Merwey  Bar. 


Sit€  of  n^ks. 
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Th®  iewage  outfall  works  are  situate  on  the  south  side  of 
Ifanchestor  Ship  Canal,  which  they  adjoin.  There  is  a  landing  stage 
and  jetties  below  Barton  Locks  for  the  purpose  of  loading  the  new 
sludge  steamer;  and  above  tlie  locks  there  is  a  wharf,  with  steam 
cranes  and  weigt-bridge,  at  which  ooal*  chemicals,  and  materials  for 
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construction  are  landed.  Tho  works  are  approached  on  the  south-east 
side  by  a  private  road  30  feet  in  width  loading  from  Barton  Boad 
to  the  main  entrance. 

Area  of  Land, 

The  total  area  of  land  comprising  the  Dayyhulme  works  amounts  to 

176*5  acres,  and  is  divided  up  as  follows  : — 

Aoree. 

Land  occupied  by  precipitation  tanks  7*5 

Land  occupied  b^  building^;,  sludge  tanks,  &c.,  and 

land  occupied  m  connection  therewith 15*0 

Land  occupied  as  wharves  and  lay-byes 5*0 

Total  area  of  land  occupied 27*5 

The  area  of  land  not  occupied  by  buildings,  tanks, 
&c.,  and  which  is  available  for  use,  but  includes 
existing  roads,  railway  and  embankment,  disused 
river  bed,  the  26 -25  acres  laid  out  as  irrigation 
area,  and  tho  bacteria  beds  at  present  in  the  course 
of  construction 149*0 

Grand  total  176*5 

Removal  of  Detritus,  &c. 

Owing  to  tho  fact  that  tho  street  gullies  in  Manchester  are,  in 
genei-al,  unprovided  with  silt  traps,  the  sewage  of  Manchester,  espe- 
cially in  time  of  storms,  contains  large  quantities  of  heavy  detritus 
from  the  streets,  together  with  cinders  and  sometimes  coal  from  boiler- 
houses,  &c.  This  was  formerly  harrowed  out  of  the  precipitation 
tanks  at  considerable  trouble  and  expense.  Much  floating  matter, 
such  as  cotton  waste,  rags,  and  garbage  of  various  sorts  is  also  present, 
which  would  tend  to  choke  the  sludge  plant  if  allowed  to  pass  into  the 
tanks. 

A  system  of  screens  and  catchpits  has  therefore  been  devised  and 
erected  for  removing  this  material  from  the  sewage  as  far  as  possible 
before  chemical  treatment. 

The  present  arrangements  have  been  in  satisfactory  operation  since 
January  26th,  1900. 

Plans  and  elevations  of  the  screening  chamber  and  machinery  are 
given  in  diagram  F. 

The  plant  consists  of  a  system  of  screens,  catchpits  and  elevators, 
which  is  in  duplicate,  one  set  on  each  side  of  a  central  storm  relief 
channel.  One  set  only  is  used  when  the  flow  is  at  its  lowest,  or  when 
repairs  are  necessary.  Both  sets  of  machinery  are  used  daring  the 
hours  of  heavier  flow  or  during  storms. 

At  tho  entrance  to  the  screening  chamber  is  a  fixed  screen  formed  of 
bars  4 J  inches  by  1  inch,  with  6-inch  spaces.      This  screen  serves  to 
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arrest  all  largo  pieces  of  timber,  Ac*  -wHicli  may  b©  earned  down  the 
sower  from  where  constructional  work  i&  in  progresi,  or  any  ottier 
large  floating  mattera  which  might  tend  to  injure  the  finer  Bcreens, 
This  screen  is  cleared  by  hand. 

Between  thb  screen  and  the  iie3s:t  is  a  cut- water  of  concrete  cased  in 
iron  platea  for  the  better  distribution  of  the  sewage  otot  the  screens 
and  catchpits. 

The  second  screen  extends  the  whole  width  of  the  sereening 
chamber,  viz,,  37  feet,  but  is  formed  in  three  sections,  each  of  whidi 
can  bo  worked  independently.  It  is  constructed  of  |-inch  iron  bars 
with  1  J-inch  opeEinge.  This  screen  U  mechanically  cleaned  by  tines 
attached  to  chaimol-iron  bars,  which  are  fixed  to  endless  chain e  work- 
ing on  sprocket  wheels  at  each  end  of  the  section  of  the  screen*  As 
the  chains  revolve  the  tines  pass  between  the  openings  in  the  screen » 
The  distance  between  the  tined  bars  is  such  that  two  of  them  travexse 
tho  screen  at  the  same  time.  The  rate  of  speed  of  the  cleaning  bars 
with  tin 08  is  Li  feet  per  second.  The  floating  matter  arrested  by  tho 
screen  is  carried  by  the  tined  bars  to  a  point  above  the  ecreening 
chamber  floor  immediately  over  a  wrought- iron  channel. 

On  passing  over  the  sprocket  wheels  the  tines  rechno  to  a  vertical 
position^  and  any  matters  wHch  tend  to  adhere  to  the  tines  are  swept 
ofl  by  means  of  a  brush  into  tho  wrought-iron  channel.  Tho  brush 
extends  the  whole  length  of  the  section  of  screen,  and  is  fixed  on  a 
shaft  actuated  by  a  lever  and  counterweight  for  rerersing  the  motion* 

The  WTO  tight -iron  channel  is  cleaned  with  a  squeegee,  and  its  con- 
tents loaded  into  wagons  which  pass  through  tho  centre  of  the  cham- 
ber, immediately  over  the  storm  relief  channel. 

The  third  screen  ia  Tery  similar  to  No.  2  (described  above),  with  the 
exception  that  no  brush  arrangement  ia  attached  for  cleaning,  and  Uio 
mesh  of  the  screen  is  j-inch,  the  bars  being  of  J -inch  metal.  The 
aqreen  is  divided  into  fomr  independent  sections* 

Both  No*  2  and  No »  a  screens  are  surmounted  with  hcadstocks,  carry- 
ing the  necessary'  sprocket  wheels  and  driving  pulleys.  The  machines 
are  driven  by  cotton  belts  from  a  counter- shaft  overhead  with  fast  and 
loose  pulleys,  and  the  necessary  striking  gear. 

The  elevators  or  dredgers  are  for  dealing  wnth  the  heavier  matter 
which  is  deposited  in  the  two  catchpits  situate  between  the  second  and 
third  range  of  screens.  The  catchpits  are  in  the  fonn  of  hoppers,  each 
fiide  inclined  to  a  common  centi-e  or  race,  in  which  the  elevator  buckets 
work*  These  buckets  aro  attached  to  an  endless  chain  actuated  by  a 
sprocket  wheel  in  the  hcadstock,  which  is  fixed  some  distance  above 
the  floor  of  the  screening  chamber.  The  buckets  are  formed  of  i^s-inch 
steel  plates,  with  somi-circidar  bottoms  and  rounded  nosingfl,  and 
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measure  over  all  16  inches  by  8  i  aches  and  8  inches  deep.  On  the 
back  of  each  bucket  a  steel-plate  slide,  20  inches  by  4  inches,  is  riveted 
on.  This  slide  keeps  the  bucket  in  position  when  full  by  working  in 
two  angle-iron  slide  rests  or  guides,  which  are  fixed  to  the  bottom  of 
the  pit  and  to  the  headstock.  The  buckets  are  perforated  with  small 
holes  for  draining  the  dredged  matter. 

The  endless  detachable  chain  on  which  the  buckets  are  fastened 
passes  to  the  bottom  of  the  pit,  and  is  kept  in  position  there  by  a  guide 
wheel  and  sprocket  wheel  fixed  on  stone  bases. 

The  headstocks  are  fixed  on  steel  girders  of  a  section  of  75  lbs.  per 
lineal  foot,  with  transverse  girders  40  lbs.  per  foot.  The  headstock 
frame  is  of  cast  iron,  with  sprocket  wheels  2  feet  3  inches  in  diameter 
and  pinion  wheels  of  steel.  There  are  a  pair  of  sliding  blocks  to  each 
headstock,  with  square  threaded  spindles  and  wheels  for  adjustment, 
the  whole  being  similar  to  a  hoisting  crab.  This  machine  is  driven  by 
a  36-inch  pulley  with  5 -inch  face,  actuated  by  a  cotton  webbed  belt 
from  the  main  line  shaft.  There  are  fast  and  loose  pulleys  on  all  the 
headstocks,  with  proi)er  striking  gear,  so  as  to  allow  of  them  being 
worked  at  will. 

When  these  machines  (four  in  all,  one  for  each  catchpit)  are  work- 
ing, the  buckets  tip  on  passing  over  the  sprocket  wheel  in  the  head- 
stock  into  a  hopper,  by  which  the  detritus  is  conducted  into  a  metal 
channel  or  conveyor.  Scrai)ers,  attached  at  end  to  endless  chains, 
push  the  detritus  along  this  to  a  point  over  the  central  tramroad  above 
mentioned  into  a  wagon  there  placed  for  its  reception.  These  endless 
chains  are  provided  with  detachable  and  attachment  links  passing  over 
sprocket  wheels,  actuated  from  a  shaft. 

By  means  of  the  machinery  and  catchpits  described,  about  ninety 
tons  per  week  of  solid  matter  are  removed  from  the  sewage  in  dry 
weather.  In  time  of  storm  as  much  as  fifty  tons  has  been  removed  in 
twenty-four  hours. 

An  average  sample  of  detritus  was  found  to  consist  of  a  large  pro- 
portion of  sand,  fine  coal  and  cinder,  a  fair  amount  of  coal  in  moderate- 
sized  pieces,  also  gravel,  clinker,  small  pieces  of  brick,  wood,  leaves, 
&c.  Altogether  there  was  about  3d  per  cent,  of  combustible  matter 
in  the  dried  sample,  of  which  about  7  per  cent,  was  coal,  which  could 
easily  be  picked  out  by  hand. 

A  rough  experiment  has  shown  that  this  material,  if  mixed  with 
the  garbage  from  the  screens  and  allowed  to  drain,  can  be  burnt  with 
about  25  per  cent,  additional  fuel.  To  obtain  clinker  from  the  mineral 
matter  would  probably  require  a  forced  draught. 

Further  investigation  will  be  made  as  to  the  most  satisfactory  means 
of  disposing  of  screening-chamber  refuse.  If  it  is  found  that  this  can 
be  economically  burnt  in  a  destructor,    a  constant  supply  of  clinker 
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could  be  obtained »  whick  would  be  of  ralue  for  the  bactoida  beds,  and 
at  the  same  time  a  material  which  tends  to  become  a  nuiiance  in  hot 
ireather  would  h^  disposed  of  in  an  iiioffensire  manner. 

TufiJ^s.     (8f«aljop.  142,) 

The  precipitation  tanks  are  eleven  in  number;  two  are  at  present 
being  ns^d  elb  septic  tanka.  Each  precipitation  tank  le  300  feet  long 
and  100  feet  wide.  The  tanks  are  divided  by  brick  walls.  The  floors 
are  of  concrete,  and  fall  from  the  north  to  the  south  ends^^,  where  the 
decanting  v^J^Tes  are  placed.  The  averago  depth  of  the  banks  is  six  feet, 
and  their  total  capacity  is  12,375,000  gallons. 

Machinery. 

llio  inachinery  at  Davyhulmo  includes  the  plant  necessary  for  press- 
ing €he  sltidg©  into  cake,  and  for  liming  the  sewage  and  for  re*Hming 
any  sludge  which  is  pressed  into  cake^  and  for  ejecting  the  sludge 
from  the  precipitation  tanks  to  the  sludge  etoiiige  tanks  near  the 
ietties  below  Barton  Locks* 

The  boilers,  two  in  number,  are  of  the  double- flued  Lancashire  trp^, 
each  being'  30  feet  long  by  7  feet  6  inches  diameter.  The  workbg 
pressure  ia  75  lbs,  per  square  inch.  An  economiser  has  been  erected  at 
the  back  of  the  boUers,  and  space  has  been  reserred  in  the  boiler-homse 
for  a  third  boiler* 

The  engme-home  is  70  feet  hy  33  feet,  and  contains  the  following 
machinery,  viz* : — 

Two  air  compressors,  with  steam  cylinders  14  inches  diameter,  air 
cylinders  12  inches  diameter,  with  a  20- inch  stroke.  The  crank  shaft 
is  furnished  with  double  fly-wheels,  the  whole  being  mounted  on  cast- 
iron  air  receivere.  The  air-pressure  for  charging  the  sludge-pressea 
ranges  from  75  to  100  lbs,  per  square  inch.  The  nomml  pre&sure  is 
90  lbs.  These  compressors  are  also  used  for  supplying  compressed  air 
for  working  two  ejectors,  which  force  the  sludge  Tip  to  two  storage 
tanks,  from  which  it  gravitates  to  the  ship.  A  low-pressure  air  receiver 
is  also  provided.  The  ejectors  are  worked  at  a  pressure  of  about  35  lbs. 
per  square  inch. 

Two  sets  of  duplex  pumps  are  used  for  supplying  hj^drauHc  pressure 
for  actuating  the  rams  of  the  sludgo-pi^sses.  These  piimps  have  steam 
cylinders  9^  inches  fliameter,  and  steel  ram  cylinders  1  inch  diameter, 
with  a  9- inch  stroke.  They  ^fupply  the  water  direet  to  the  accumu- 
Imtor,  which  has  a  ram  7  inches  diameterp  the  casing  being  weighted 
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with  scrap.    The  press  rams  are  worked  at  a  pressure  of  27  cwts.  per 
square  inch. 

The  engine  for  driving  the  dynamo  is  of  the  vertical  type,  with 
cylinder  12  inches  diameter  by  16-inch  stroke.  The  revolutions  per 
minute  in  normal  work  are  150.  This  engine  drives,  by  means  of  link 
leather  belting,  one  dynamo  for  the  lighting  of  the  works  and  the 
approach  road.  Batteries  have  been  provided  iov  the  storage  of 
electricity. 

The  engine  for  driving  the  screening-chamber  machinery  is  of  the 
horizontal  type,  with  double  cylinders  10  inches  diameter  and  20-inch 
stroke. 

A  small  vertical  engine  is  used  for  driving  the  lime  pug  mill. 
A  duplicate  pump,  with  cylinder  9  inches  diameter  by  10-inch 
stroke,  was  provided  for  supplying  the  lime  mixers  with  water. 

Li  me- House, 

The  lime-house  is  83  feet  by  55  feet,  and  is  divided  into  five  bunkers, 
with  a  barrow  road  connecting  the  store  with  the  lime-mixing  room. 
There  is  a  gallery  17  feet  wide  extending  the  whole  length  of  one  side 
of  the  store.  The  lime  is  tipped  on  the  ground  level,  and  from  thence 
harrowed  to  the  slaking  pits. 

There  are  six  lime-mixers,  with  revolving  horizontal  arms  for  in- 
corporating the  slaked  lime  and  water.  These  machines  are  placed  on 
a  raised  gallery,  and  are  fed  by  chain  elevators  and  small  buckets. 
They  are  utilized  as  a  stand-by,  the  mixing  being  mainly  done  by  a 
pug  mill. 

Sludge  Steamer, 

The  new  sludge  steamer  "  Joseph  Thompson,"  built  by  the  Nayal 
Construction  and  Armaments  Company,  of  Barrow-in-Fumess,  arrived 
at  the  wharf  below  Barton  Locks  on  the  Uth  December,  1897.  This 
vessel  was  constructed  on  the  same  lines  as  the  six  vessels  in  use  on 
the  Thames  for  the  disposal  of  London  sludge.     {See  p.  208.) 

The  sludge  storage  tanks  are  situated  on  high  ground  near  to  the 
Ship  Canal,  below  Barton  Locks ;  and  the  steamer  is  filled  from  them 
by  means  of  a  cast-iron  outlet  pipe  24  inches  in  diameter,  through 
which  the  sludge  flows  by  force  of  gravitation. 

Capital  Coat  of  Works, 

The  total  capital  cost  of  the  site  of  the  works  at  Davyhulme  and  the 
expenditure  in  tanks  and  equipment,  exclusive  of  the  filter  beds  now 
being  constructed,  amoiints  to  nearly  £230,000. 

D.  K 
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Chemical  Treatment. 

The  amount  of  lime  and  copperas  added  varies  considerably  accord- 
ing to  the  character  of  the  sewage,  the  quantity  of  precipitant  used  for 
the  twelve  months  ending  March  27th,  1901,  being  at  the  average 
rate  of— 

Giains  per  Gallon. 

•Lime(CaO) 2-17 

Sulphate  of  Iron 1*17 

3-34 

In  order  to  account  for  these  apparently  low  numbers,  it  must  be 
remembered  that  the  character  of  the  various  trade  effluents  in 
Manchester  sewage  is  such  that  they  often  mutually  precipitate  one 
another,  and,  consequently,  reduce  the  amount  of  precipitant  necefisary. 

After  the  first  flush  of  a  storm,  moreover,  the  sewage  is  highly 
dilute,  and  it  has,  therefore,  been  customary  to  discontinue  treatment 
at  these  times,  as  the  effect  of  chemicals  diminishes  as  the  sewage 
becomes  less  concentrated. 

The  following  table  shows  the  results  of  chemical  treatment  for  the 
period  1896— 1902.— [5ee  Table  XX.] 


*  Compare  this  with  the  scheme  in  use  for  the  London  sewage  which  I 
prepared  in  1884— viz.,  lime  3*7  and  sulphate  of  iron  1*0  grains  per  galloa. 
(.S^p.  209.) 


Experience. 


131 


i 

00 


I  I 

=^1 


<^ 


.I'  I 


^s. 


e5 


I 

S 


\i 


'*8»*^P^TOaS 


•9»tm^m.ws_ 


%  &  § 


S  P  § 


a     sSISg^is 


i 


9  u  ^     s  ss 


I  ^  i 


s  s 


g   g    ?S! 


'e«<i^»B  p3n:i»e 


-«8ii*og  jLlig 


*9aia*93pfln^ 


■9^J^,1S  JiTfJI 


^a*wi&8por»^ft9 


■o^j&^s^vs 


I 


?   ?   8 


=     '■   S 


!  g 


a  s  a  9 

it    <•    fe    «• 


P    S    2  5*  i  ?5 


£    S    f 

-       «4     u 


?  ;!  g  ?  8 

«      H      il      «      ^ 


V    S    3 
M     ^     ^ 


9 

^ 


^    3S 


B    ^   ? 


^    S   1 


^       ?       ? 


g    8    ? 

«       «       4* 


8   15 


¥  ^  s 


?  ? 


M 
ll 


§ 


*n     *%     dL 

k2 


II 


S       T#       th        ^         E       ^ 


^1 
III 


I! 


iiiii 


5* 


J* 
I 


jl 


132  Manchester 

Sludge  DisposaL 

The  steamer  makes,  on  an  average,  rather  more  than  three  trips  per 
week.  Calculating  from  the  number  of  ejector  discharges  and  the 
density  of  the  sludge,  it  is  found  that  the  weight  of  sludge  removed 
per  annum  is  about  195,000  tons. 

Cost  of  Chemical  Treatment, 

The  cost  of  treatment  per  million  gallons  of  sewage  by  the  precipita- 
tion method  for  the   year  ending  March  27th,  1901,  amounted  to 

£1  9«.  8'6d.,  apportioned  as  follows : — 

P^  Million  Gallons. 
£      a.      d. 

Precipitation 0    7    0*6 

Sludge  Diiq)osal 0  10  11 

Coal 0    2    5-4 

Incidental  Expenses  (including  Professional  Charges, 
Benewals,  and  Bepairs,  less  Receipts) 0    9    3'6 

£1     9    8-6 
Experiments  on  farther  Purification  of  the  Sewage. 

It  is  a  matter  of  common  knowledge  that  the  system  of  purification 
by  chemical  treatment  as  above  described  is  inadequate,  owing  to  the 
fact  that  the  effluent  still  contains  a  large  amount  of  putrescible 
organic  matter,  thereby  adding  to  the  already  considerable  pollution  of 
the  Ship  Canal  water. 

ThLs  matter  has  for  long  been  the  subject  of  complaint  of  the  Mersey 
and  Irwell  Joint  Committee,  and  in  May,  1898,  the  Manchester  City 
Council  resolved  to  take  the  advice  of  three  eminent  experts — one 
chemical,  one  biological,  and  one  engineering — on  the  general  ques- 
tion. 

Mr.  Baldwin  Latham  was  appointed  as  engineer.  Professor  Percy 
Frankland  as  bacteriologist,  and  Professor  W.  H.  Perkin,  junr.,  as 
chemist. 

After  considering  various  propositions  which  had  been  made  for  the 
treatment  of  the  sewage,  and  after  visiting  several  other  towns,  the 
oxpeits  were  led  to  experiment  on  the  application  of  bacteriological 
jirocesscs  to  the  purification  of  Manchester  sewage. 

Some  of  the  more  urgent  points  demanding  elucidation  were  the 
following : — 

1.  To  determine  whether  the  trade  refuse  in  Manchester  seriously 

impaired  the  efficiency  of  the  bacteriological  treatment. 

2.  To  determine  whether  a  portion,  at  any  rate,  of  the  sludge  can 

be  destroyed  by  bacterial  agency. 


H3H»«» 


«»**?« 
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3.  To  determine  whether  the  addition  of  chemicals  to  the  sewage 

before  bacteriological  treatment  can  be  dispensed  with. 

4.  To  determine  whether  the  aerobic  (decomposition  of  organic 

matter  by  bacteria  in  presence  of  air)  or  a  combination  of 
anaerobic  (similar  decomposition  without  air)  and  aerobic 
processes  is  the  most  advantageous. 

An  experimental  installation  was  laid  down  by  which  the  sewage 
could  be  subjected  to  a  great  variety  of  conditions  of  treatment.  These 
experiments  were  carried  out  under  the  direction  of  the  exports  to  the 
beginning  of  1900,  and  are  still  being  continued  by  the  superinten- 
dent. 

A  diagram  showing  the  arrangement  of  the  bacteria  beds  A,  B,  C, 
D  and  E  is  inserted.     (Diagram  G.) 

The  details  of  construction  will  bo  found  in  the  various  reports  which 
have  boon  published  from  time  to  time. 

The  following  linos  of  investigation  were  pursued : — 
The  treatment  of  Settled  Sewage  by  single,  double,  and  triple  contact 

on  bacteria  beds ; 
The  treatment  of  Baw  Sewage  by  single,  double,  and  triple  contact 

on  bacteria  beds ; 
The  treatment  of  Haw  Sewage  by  means  of  the  ojten  septic  tank, 

followed  by  one  or  more  contacts  on  bacteria  beds ; 
The  treatment  of  Jlaw  Sewage  by  means  of  the  cJosed  septic  tank, 

followed  by  one  contact  on  bacteria  beds  ; 
The  treatment  of  Storm  Water, 

In  addition  to  the  experiments  canied  out  in  connection  with  the 
installation  above  mentioned,  experiments  on  the  purification  of 
chemically-treated  sewage  on  bacteria  beds,  which  had  been  started  by 
Sir  Henry  Boscoe  in  1895,  were  continued,  and  are  still  being  carried 
on  at  the  present  time. 

From  these  experiments  it  has  been  concluded — 

(1)  That  the  bacterial  system  is  the  system  best  adapted  for  the 

purification  of  the  sewage  of  Manchester. 

(2)  That  the  bacterial  processes  are  best  conducted  in  several 

stages,  viz. : — 

(i)  Settlement  and  screening  out  of  the  grosser  solids, 
(ii)  Anaerobic  decomposition  in  the  septic  tank, 
(iii)  Oxidation  on  bacteria  beds. 

For  thoroughly  satisfactory  purification  more  than  one  contact  is 
necessary  for  Manchester  sewage ;  but  recent  experiments  have  shown 
that  the  area  of  secondary  beds  may  be  considerably  less  than  the  area 
of  primary  beds. 
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The  following  table  will  bIiow  the  average  compositioii  of  the  open 
it  being  understood  that  the  area  of  the  latter  is  only  one-half  that  of 


Table  XXI. — Treatment  of  Open  Septic  Tank  Effluent  on  Beds 

JPeriodical  Averages  of  Daily  Samples^ 


DATBL 

03Cf fqn  AlMorbed, 
4b<nita 

F^fH  and  fiftlln^ 

* 

AJbnminoid 

AmnumiA 

PERIOD  ENBINO 

1 

li 

a- 

II 

3 
1 

1 

1^ 

1 

R 

1 

1 

1? 

li 

? 

i 
1 

3 

April  nth,  1900    ....' 

5-83 

2  35 

'47 

1-84 

■90 

54 

■275 

'079 

^035 

Beptcmber  12th,  1900. 

5^63 

1-61 

■56 

2-18 

■G7 

-23 

■33 

•130 

'OpjG 

Decfimher  26th,  1900.. 

6^1 

1*44 

■53 

2-03 

*m 

■225 

■38 

'HO 

■06 

March  27th,  1901  . , . , 

6-42 

1*46 

45, 

1*94 

^80 

'26 

34 

■105 

'04 

Jtuw26th,I90I 

5-70 

1'43 

■57 

253 

m 

^28 

'36 

-136 

•06 

September  25th,  1901. 

6-23 

vm 

'68, 

3  12 

1-19 

■39 

'33 

'130  ■   *03 

Deoombar  2JSth,  leOL. 

6^15 

vm 

58 

3^03 

1-15 

-48 

■32 

■126  1     06 

WAroh26tb,  1902.... 

6*23 

1-75 

'67 

2*oe 

■90 

46 

■33 

'110  '    -05 

1 

#  Mersey  and  Irwell  Joint  Committee's  Limits  of  Impurity  :— 
4  Hours  Oxygen  Absorption  =  1  grain  per  gallon. 
Albuminoid  Ammonia  =  '1  grain  per  g^on. 
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septic  tank  effluent  and  the  filtrate  from  primary  and  secondary  beds, 
the  former : — 


"  A  "  and  "  C"  {Primary)  and  " 2) "  (Secondary). 
Commencing  January  4thj  1900. 
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The  folio-wing  paragraphs  embody  some  of  the  more  detailed  con- 
clusions which  have  been  reached : — 

The  Work  of  the  Septic  Tank. 

(i)  The  effluents  from  closed  and  open  septic  tanks  are  practically 
identical  in  composition. 

(ii)  With  a  tank  space  equal  to  half  the  daily  flow  of  Manchester 
sewage,  it  is  possible  to  digest  about  25  per  cent,  of  the  total  suspended 
matter  in  the  sewage. 

(iii)  The  suspended  matter  in  the  septic  tank  effluent  is  of  agranular 
character,  and  readily  separates  out  on  standing,  and  when  arrested  on 
the  surface  of  a  bacteria  bed  does  not  seriously  impede  the  free  flow  of 
the  water  into  the  bed. 

(iv)  The  organic  matter  in  solution  is  much  more  easily  nitrified 
than  that  present  in  fresh  sewage,  so  that  it  is  possible  with  one 
contact  to  constantly  obtain  non-putrefactive  filtrates. 

(v)  The  blending  which  takes  place  in  the  septic  tank  is  of  value  in 
minimising  the  effect  of  excessive  amounts  of  manufacturing  refuse, 
and  in  producing  an  effluent  of  fairly  constant  composition. 

(■apacHy  of  Contact  Beds. 

The  capacity  of  contact  beds  suffers  a  rapid  initial  decrease ;  but 
afterwai'ds,  with  careful  working,  the  rate  of  decrease  is  very  much 
less. 

As  the  question  of  capacity  and  the  maintenance  of  the  beds  is  of 
considerable  importance,  the  conclusions  with  regard  to  these  points 
may  be  given  more  fully. 


Causes  of  loss  of  Capacity  of  Contact  Beds. 

From  the  experience  gained  with  bedn  A,  B,  C  and  D,  and  also  with 
the  other  experinientiil  beds  reported  upon,  it  has  been  concluded  that 
the  chief  causes  of  loss  of  capacity  are  the  following :  — 

(a)  Settling  together  of  the  material. 

(b)  Growth  of  organisms. 

(c)  Impaii*ed  drainage. 

(d)  Insoluble  matter  entering  bed. 

(e)  Breaking  down  of  material. 

(a)  Settling  together  of  material. — This  must  always  occur,  and  largely 
accounts  for  the  initial  rapid  decrease  in  capacity.     It  may  be  well,  at 
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the  outset,  to  place  the  material  in  the  bod  to  a  slightly  greater  depth 
than  that  actually  required,  so  as  to  allow  for  this  settlement. 

(b)  Growth  of  organisms, — This  is  at  once  the  cause  of  increased 
efficiency  in  the  bed,  and  of  loss  of  capacity.  On  examining  the 
material  of  a  contact  bed  in  active  condition,  every  piece  is  seen  to  be 
coated  over  with  a  slimy  growth.  If  this  is  removed  it  soon  dries  to  a 
stiff  jolly,  which  can  be  cut  with  a  knife.  Under  the  microscope, 
masses  of  bacteria  and  zoogloea  will  be  found  to  be  present.  If  placed 
in  a  tube  containing  air,  and  connected  with  a  manometer,  the  jelly  / 
will  rapidly  absorb  all  the  oxygon,  and  produce  carbon  dioxide. 

This  action  will  sometimes  produce  a  vacuum  of  several  inches  oi 
mercury.    There  is  little  need,  therefore,  to  force  air  into  a  bed,  as  the 
natural  interchange  of  gasos  which  takes  place  is  sufficient  for  adequate 
aeration.     As  a  matter  of  fact,  there  is  always  a  large  amount  of  oxygen 
to  be  found  at  the  bottom  of  a  bod  in  good  condition.    The  behayiour.of 
the  bacterial  jelly  appears  to^  i^ord  the  clue  to  the  suoce^ul  vorkingof 
bacteria  beds.    Bj  working  them  at  a  high  speed — i.f.,  filling  theni_ 
frequently  in  the  day  without  long  j)eriod^-^f  rest— the  effluBZlt  mfty.^ 
remain  good,  but  the  bacterial  growth  so  rapidly  increagoft- that^t^^N. . 
bedl)ecomes  too  spongy^  and  will  not  allow  the  water^^dzaiii.aifajQ^ 
Horo,~tob7ts^o  explanation  of  the  fact  that,  within  limits,  decrease  of 
capacity  is  accompanied  by  increase  of  efficiency. 

This  decrease  of  capacity  may,  however,  become  so  great  as  to  out- 
weigh the  advantage  of  increased  efficiency.  A  long  period,  say  one 
or  two  weeks  rest,  must  then  be  given  to  the  bod. 

The  superfluous  bacterial  growths  will  during  this  time  be  rapidly 
consumed,  and  the  capacity  of  the  bed  will  greatly  increase.  These 
rests  should  not  exceed  a  fortnight  at  most,  as  the  bed  then  tends  to 
dry  up,  and  the  activity  of  the  organisms  diminishes. 

It  is,  therefore,  important  that  the  decrease  of  capacity  should  not 
be  allowed  to  become  excessive  before  resting,  or  it  may  not  be  possible 
to  completely  recover  the  loss  during  the  time  of  rest. 

In  the  case  of  the  beds  A,  B,  and  C,  before  the  best  conditions  of 
working  had  been  ascertained,  the  capacity  had  been  allowed  to 
decrease  to  an  undesirable  extent, 

(c)  Impaired  \lrainaf/e. — Defective  drainage  decreases  the  actual 
water  capacity  of  the  beds,  and  prevents  thorough  aeration,  and  every 
means  should  bo  taken,  therefore,  to  make  it  as  perfect  as  possible. 

(d)  Insoluble  matter  entering  6«i.— The  effect  of  insoluble  matter  in 
decreasing  capacity  depends  on  its  nature.  If  sandy  in  character  its 
effect  will  be  small,  as  the  sand  itself  has  a  water-holding  capacity. 
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111  Mauchedtar  the  diief  m5olii"ble  mattera  entering  the  beds  are 
finely  divided  diiy  (especially  in  wi^t  weatier)  and  oomponnds  of  iron. 
Most  of  the  iron  in  the  septic  tank  q (Hue at  m  in  suB|)eneion  as  sulphide* 
This  can  lar^ly  ho  retained  on  the  stirface  uf  the  bed.  The  small 
amount  of  iron  which  is  deposited  from  solution  can  affect  the  capacity 
only  very  gradually.  As  a  niatttT  of  fact^  most  of  tho  insfiluble  matter 
passing  on  to  tho  bed»  appears  to  ho  in  the  top  six  inches,  and  if  the 
cinders  below  this^  are  left  undiBturhed,  a  fairly  eharp  hne  can  ho 
distinguished  between  the  surface  layer  and  the  cindorsi^.  The  fact  that 
no  pennanent  loss;  of  (rapacity  has  occurred  over  fifteen  months  BhowB 
that  most  of  the  insoluble  matter  mujst  have  remained  on  tho  surface 
of  the  hed»  and  such  as  has  entered  must  itself  possess?  a  water  capacity. 

Evidently,  then,  it  is  of  importance  to  retain  insoluble  matter  as  far 
as  possible  on  the  eurfaee.  Tliis  may  be  done  by  maHng  the  upper 
layer  of  rather  finer  material  than  tho  body  of  the  betl.  Experiments 
are  in  progress  to  determine  whether,  in  course  of  time,  this  upper 
layer  can  be  U8ed  after  removal  for  growing  Tegetables,  as  it  has  been 
found  to  contain  large  quantities  of  nitrates  and  some  phosphoiic  acid* 

(#}  Brmktng  down  a/  maUHtiL  —Little,  if  any^  evidence  of  this  is 
pretent  in  tho  beds  under  discussion,  lis  oecurrenee  would  he  a  more 
Bcerious  cauee  of  loss  of  capacity  than  any  of  the  foregoing,  and  should 
be  aydded  by  using  only  hard  rofmct^jry  materialp 


GonditionB  of  SaecessM  Working  of  CoEtact  Beds. 


In  view  of  tlic  ob.^ervations  above  recorded,  the  following  method  of 
procedure  i»  recommended  1>t  the  successful  working  of  contact 
beds: — 

(i)  The  bed  should  be  worked  very  slowly  at  first,  in  order  to  allow 
it  to  eetUe  down^  and  the  bacterial  growths  to  form.  In  this 
way  there  will  be  less  danger  of  snapended  matter  finding  its 
way  into  the  body  of  the  bed,  while  the  material  is  still  loose 
and  open. 

(ii)  The  burden  should  not  be  increased  tiQ  analysiB  reveals  the 

presence  of  surplus  oxygen,  either  disa^dvedj  or  in  the  form  vf 

nitrates  in  the  effluent, 
(iii)  Analyses  of  the  air  in  tho  bed  mity  ufiefally  bo  made  from  time 

to  time  during  resting  periods, 
(It)  The  vacations  in  capacity  should  be  carefuEy  recorded  *    If  the 

capacity  is  found  to  be  rapidly  decreasing,  a  period  of  rest 

should  be  allowed* 
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(y)  Long  periods  of  i-est  should  be  avoided  duiing  winter,  as  when 
deprived  of  the  heat  of  the  sewage  the  activity  of  the  organisms 
decreases.  If  necessary,  the  burden  on  the  bed  should  then 
be  decreased  by  reducing  the  number  of  fiUings  per  day, 
rather  than  by  giving  a  long  rest  at  one  time. 

(yi)  The  insoluble  suspended  matter  should  be  retained  on  the 
surface  by  covering,  at  any  rate,  a  portion  of  the  latter  with 
a  layer  of  finer  material,  not  more  than  three  inches  in  depth. 
The  suspended  matter  thu^  arrested  should  not  be  raked  into 
the  bed,  but  when  its  amount  becomes  excessive  it  should  be 
scraped  of¥.  This  should  be  done  if  possible  in  dry,  warm 
weather,  after  the  bed  has  rested  some  days.  By  placing  the 
inlet  and  outlet  penstocks  as  close  together  as  possible,  the 
suspended  matter  will  tend  to  concentrate  in  their  vicinity, 
and  its  removal  will  be  facilitated. 


The  Treatment  of  Storm  Water. 

It  has  been  concluded  that  special  provision  must  be  made  for  the 
treatment  of  storm  water,  especially  of  the  first  flush.  The  special 
area  of  beds  laid  out  for  the  treatment  of  storm  water  must  be  lightly 
worked  during  dry  weather,  so  that  they  may  be  stored  with  nitrates, 
and  thus  be  in  a  condition  to  be  worked  at  an  accelerated  rate  for  a 
short  time.  In  this  manner  the  first  flush  can  be  dealt  with.  After- 
wards, when  the  sewage  has  become  highly  dilute,  it  may  be  purified 
by  settlement,  followed  by  continuous  filtration  through  the  storm 
beds. 

This  matter  will  be  further  referred  to  when  the  construction  of  the 
storm  beds  is  described. 


The  Bacterial  Treatment  of  Manchester  Sewage  on  the 
Worldng  Scale. 

Open  Septic  Tank  and  Contact  Beds, 

For  the  purpose  of  testing  the  behaviour  of  beds  with  septic  tank 
effluent  on  the  working  scale  before  laying  down  a  large  area,  two 
half-acre  beds  were  constructed  and  brought  into  work  at  the  beginning 
of  1901.  These  are  distinguished  as  1a  and  2a.  Since  this  time  ten 
more  half-acre  beds  have  been  brought  into  operation. 

The  results  obtained  by  the  treatment  of  open  septic  tank  effluent  on 
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bed  1a,  wHit^li  lias  been  longest  in  operatioiii  are  sunnnarbecl  hx  tli0 
following^  table : — 


Table  XXII.— r///i/«^  utioiciug  Average  RemlU  /mm  Bed  \a 
from  week  ending  Jamtmy  30/A,  1901,  to  tceek  ending 
March  26W,  1902. 

{Results  in  Grains  per  G&llon.) 
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Th%  majority  of  siunplce  haTc  been  non-pub^o&^tiYe^  exceptions 
occTirrbg  at  times  wbon  tbe  ecwage  contains  e^iceesiYe  amounte  of 
disaolTod  impurity. 

The  amomit  of  effluent  decdt  with  on  tbe  beds  has  been  gradually 
increftfied.  At  pi^seiit  tbo  beds  wbieh  bavo  been  longest  at  work  are 
Teoeiviiig  open  septic  tank  offliiont  at  a  rate  eijuivalont  to  upwards  of 
400,(M)0  f^llons  per  aero  per  day* 

In  judging  of  the  numbcT  of  filHngs  per  day  which  oouM  be  taken 
by  a  bed,  two  tbings  bavo  been  borne  in  mind,  viz.,  the  capacity  of 
the  bed  and  the  quality  of  the  filtrate. 

Hie  tank  effluent  is  distributed  on  to  the  bed  by  means  of  radial 
grips  hncti  with  screenings  from  the  main  bulk  of  the  clinkerc?.  In 
this  way  most  of  the  sUBpeude<l  mattt^'r  In  the  tank  effluent  is  rcitained 
in  the  giipa,  and  can  be  readily  ecraped  off  from  time  to  time. 

Measm-ement^  of  mpticitt/  have  boon  made  from  time  to  time  by 
means  of  a  suitaUlo  form  of  meter  placed  in  the  pick-np  channel,  m  as 
to  measure  the  volume  of  the  discharge ;  and  this  method  of  measure- 
ment is  now  in  process  of  further  application  by  means  of  a  similar 
meter  placed  in  tlie  Riipply  channel,  which  will  admit  of  a  similar 
measurement  of  the  wiiter  admitted  te  the  bed;*,  the  arrangement  being 
designed  in  such  a  way  that  each  meter  will  bo  available  for  two  bedn* 
In  this  way  the  volume  of  supply  can  be  tested  for  accuracy  against 
the  corresponding  discharge. 
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It  has  been  found  that  after  402  fillings,  bed  lA  has  a  capacity  of 
166,000  gallons,  or  36-6  per  cent,  of  its  empty  capacity,  after  159 
fillings;  Bed  1  has  a  capacity  of  178,550  gallons,  or  39*4  percent,  of  its 
empty  capacity. 

Treatment  of  the  Effluent  from  Chemical  Precipitation  on  the 
Storm  Beds, 

Quite  recently  it  has  been  customary  once  a  day  to  fill  such  storm 
beds  as  are  completed  with  the  effluent  from  chemical  treatment. 

A  very  fair  filtrate  is  obtained,  and  thus  the  amount  of  sewage 
purified  pending  the  completion  of  the  works  is  increased,  and  at  the 
same  time  the  storm  beds  are  kept  in  an  active  condition. 


New  Works. 

The  general  anangemont  of  the  new  works  now  contemplated  and 
being  carried  out  in  accordance  with  the  resolution  of  the  City  Council 
of  the  5th  September,  1900,  under  the  sanction  of  the  Local  Govern- 
ment Board,  comprise  the  following:  — 

1.  Five  additional  tanks,  with  contingent  works,  similar  to  the 

existing  precipitation  tanks  at  Davyhulme. 

2.  Forty-six  acres  (net)  first  contact  bacteria  beds,  in  92  beds  of  half 

an  acre  each,  at  Davyhulme. 

3.  Twenty-six  acres  storm-water  filter  beds,  also  at  Davyhulme. 

4.  Conduit  for  conveyance  of  first  contact  effluent  from  Davyhulme 

to  beds  and  laud  at  Flixton. 

5.  Forty- six  acres  (net)  second  contact  bacteria  beds  on  land  in  the 

township  of  Flixton. 

6.  Works  of  irrigation  in  Flixton  and  Carrington,  covering  approxi- 

mately an  area  of  100  acres. 

The  scheme  under  which  these  works  are  being  carried  out  has  been 
designed  to  deal  with  a  maximum  rate  of  flow  equal  to  126  million 
gallons  per  24  hours,  the  flow  up  to  63  million  gallons  being  treated  by 
double  contact  on  the  bacteiia  beds,  and  the  subsequent  63  million 
gallons  on  the  26  acres  of  storm-water  filter  beds. 

The  excess  of  the  sewage  flow  in  time  of  rain,  beyond  the  maximum 
rate,  will  be  passed  off  into  the  Manchester  Ship  Canal  at  the  Mode 
Wheel  storm-water  overflow. 
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Screening, 

The  present  screening  chambers,  which  are  in  duplicate,  as  previously 
described,  and  have  for  some  time  i>ast  been  performing  their  work  in 
satisfactory  manner,  will  remain  intact,  and  will  be  continued  in  use  as 
at  present. 

Tanks. 

The  number  of  tanks  at  present  existing  is  11,  of  which  six  are  on  the 
north  side  and  five  on  the  south  side  of  the  central  roadway.  Each  of 
these  is  300  feet  in  length,  100  feet  in  width,  with  an  average  depth  of 
6  feet,  containing  a  volume  of  1,125,000  gallons. 

Four  of  these  existing  tanks,  viz.,  two  on  each  side  of  the  centre 
roadway,  wiU  be  set  aside  as  detritus  tanks  for  storm  water,  which 
will  be  delivered  to  the  new  storm- water  filters  by  means  of  the 
present  16-feet  carrier  to  be  reserved  solely  for  that  purpose. 

In  substitution  for  the  four  tanks  set  apart  in  connection  with  storm 
water,  five  new  tanks  will  be  provided,  viz.,  two  at  the  north  end  and 
three  at  the  south  end  of  the  present  range.  This  wiU  render  the 
whole  series  north  and  south  equal  and  symmetrical. 

The  effluent  cills  of  the  seven  existing  tanks  now  to  be  utilized  as 
septic  tanks  are  being  raised  to  the  extent  of  14}  in.,  thus  affording 
an  increased  water  capacity  and  additional  fall.  The  cills  of  the  new 
tanks  will  bo  finished  at  the  same  level. 

With  these  modifications  and  extensions,  the  water  capacity  of  the 
septic  tanks  will  be  15,820,500  gallons,  giving  with  the  four  storm- 
water  tanks  (which  may  probably  be  used  for  night  flow)  a  total 
capacity  of  20,320,500  g^ons. 

Bacteria  Beds. 

Davyhnlme, 

The  number  of  first  contact  beds  provided  for  at  Davyhulme  is  92, 
each  being  a  net  half -acre  in  area,  and  covering  in  all  46  acres. 

They  are  disposed  on  the  land  in  three  blocks  or  series,  containing 
respectively  as  follows : — 

Series  1 20  acres. 

„     n 6     „ 

„     m.  andlllA 20      „ 

46 

Series  I.  and  11.  are  supplied  from  the  northerly,  and  HE.  and  IUa. 
from  the  southerly  range  of  septic  tanks. 
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Each  series  will  be  served  by  main  supply  channels,  18  ft.  and 
16  ft  wide,  with  subsidiary  channels,  6  ft.  and  o  ft.  wide,  as  required 
in  the  several  cases. 

The  latter  are  constructed  with  draw-off  or  pick-up  channels  of  the 
same  width  below  (as  shown  by  drawings),  for  economy  of  area  and 
construction. 

The  scheme  of  bacteria  beds  has  been  laid  out  as  far  as  possible  on 
broad  and  simple  lines,  so  as  to  promote  ease  and  facility  of  working. 

The  beds  are,  with  few  exceptions  in  each  series,  of  uniform  shape 
and  dimensions,  and  the  point  of  admission  of  sewage  to  each  bed  is  in 
the  centre  of  the  longer  side  adjoining  the  supply  channel,  which 
senres  as  a  rule  an  equal  range  of  bods  on  cither  side,  so  that  in  general 
the  distributing  centres  fall  in  pairs  opposite  each  other. 

Supply  channels  are  of  adequate  width  and  gradient  to  permit  of 
delivering  the  volume  of  sewago  necessary  for  filling  two  beds  at  once 
im  the  same  channel  in  the  minimum  required  time  by  gravitation  to 
each  distributing  centime  in  the  scheme. 

A  reference  to  the  detail  drawing  (H)  will  show  that  the  supply 
to  and  discharge  from  each  bod  are  radial,  delivering  from  one  centre 
outwards  over  the  surface,  and  converging  towards  the  same  centre  by 
the  under-drainage  below.  The  sewage  is  admitted  from  the  supply 
channel  to  a  distributing  reservoir,  from  which  it  flows  over  a  cill  or 
weir  of  circular  form,  and  thence  along  channels  cut  in  radiating  form 
over  the  surface  of  the  bacteria  bod.  These  channels  are  lined  with 
fine  grade  material,  which  tends  to  arrest  suspended  matters  on  its 
surface,  and  retain  them  from  entering  into  the  body  of  the  bed. 

The  under-drainage  of  each  bed  is  also  laid  out  in  radial  form,  the 
drainage  lines  converging  into  a  main  collecting  drain,  which  is 
concentric  with  the  distributing  weir,  and  which  communicates  at  each 
end  with  manholes,  or  at  the  centre  with  an  outlet  well,  from  which 
the  discharges  enter  tho  draw-off  channel. 

The  under-drains  aro  channels  formed  in  the  concrete  bottom  of  the 
bed,  covered  with  stoneware  perforated  slabs,  set  in  rebates,  so  as  to 
be  flush  with  the  surface  of  the  bottom. 

The  average  depth  of  the  clinkers  forming  the  body  of  the  bacteria 
beds  is  3  ft.  4  in.,  each  bed  having  a  cross  fall  of  2^  in.,  and  the  space 
between  the  radial  drainage  lines  being  formed  with  a  ridge  in  the 
centre  to  facilitate  the  discharge  of  the  final  drainage  at  the  bottom. 

The  body  of  the  bacteria  beds  is  composed  of  furnace  clinkers  from 
which  the  fine  material  has  been  removed  by  screening,  and  the  coarsest 
material  is  used  for  covering  more  particularly  the  radial  drainage 
lines,  and  also  the  concrete  bottom  as  far  as  practicable. 
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Storm-Water  Filter  Beds* 

Thea©  beds  Bave  been  designed  tu  dt?fll  with  a  maximum  quantity  of 
63  miHiou  gallons  per  24  hours,  at  a  rate  not  exceediiig  500  gallon* 
per  square  yard  per  day,  and  consequently  cover  an  area  of  abo^it 
2i]  acres.     {See  Dia^am  I,) 

The  general  area  of  each  filter  bed  is  about  one  acre^  and  the  beds  are 
2  ft,  6  in.  deep,  being  fiUod  witli  unscreened  clinkers,  tbe  eoarser  part 
of  the  material  being  selected  for  the  ooTering  of  the  iinder-draine  and 
the  surface  of  the  bottom. 

These  beds  are  at  pmsent  being  used  as  contact  beds  for  the  purifieatiea 
of  chemical  tank  effluent,  or  for  the  treatment  of  storm  water  by 
continuous  filtration*  In  the  former  cnse^  the  bed  Is  filled  and 
discharged  in  a  manner  similar  to  that  iu  use  on  the  bacteria  beds 
proper ;  and  in  ^e  latter  c^so,  proviBion  is  made,  by  the  method  shown 
on  the  drawings,  for  the  ponding  of  the  liquid  upon  the  Furface  to  a 
depth  of  about  6  in.,  at  which  depth  delivery  commencos  oyer  a  boll- 
mouth  pipe  in  the  outlet  well,  continuing  during  the  progress  of  the 
Hturm,  the  body  of  water  in  tlxe  bc^  being  drawn  off  after  the  rain  has 
ceased. 

Under  the  latter  conditions  of  working,  each  acre  of  storm  filter  will 
receive  ab<iut  30 a,  0<K)  gallons  before  discharge  commences,  and  20  acres 
will  then  be  adequate  for  tho  reception  of  about  9^  million  gallons 
before  commencing  to  flow  off,  after  which  the  rata  of  discharge  would 
be  about  oOO  gallons  per  square  yai^d,  or  2,420,000  gallons  per  acre  per 
day.  The  storm- water  tanks  and  filters  together  will  thus  provide  for  the 
fiti:>rage  of  a  volume  of  14.000,000  gallons  in  time  of  storm  before 
dischargo  begins,  covering  a  period  of  at  least  five  hours*  heavy  rain, 
exclusive  of  the  volume  ti'eated  in  bacteria  beds. 

The  storm- water  filter  bed^  are  supplied  by  channels  varying  from 
10  ft*  to  4  ft.  in  width,  having  a  general  gradient  of  1  in  1,00€^  with 
their  draw-off  channels  below.  In  general,  as  shown  by  the  drainage, 
there  are  two  points  of  supply  to  e*eh  acre  of  area  to  which  the  under- 
drainage  also  is  conducted. 

The  floor  of  these  beds  is  the  natural  ground  sm^ace,*  which  is 
goueKtUy  a  clayey  marl,  covered  with  a  layer  of  cement  ooucreta 
where  the  chimict-cr  of  the  ground  renders  it  necessnry* 

The  smaller  undor-di-ains  are  of  brick,  laid  with  open  joints  on  a 
concrete  foundation,  and  covered  with  open- join  ted  stoneware  or  fii-o- 
clay  slabs,  cemented  down,  the  main  coHocting  drains  being  closo 
]oint45d* 


•  As  in  the  case  of  the  onginal  one -Here  hel  at  Barking  Oreck,  and  thofio 
at  Button. 
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side  of  the  river.  They  will  fonn  a  compact  rango,  four  "beds  in  widtH  and 
tweuty-thrce  beds  in  leiig:th,  with  supply  cliannel  on  tlie  upper  or  north 
aide,  and  effluent  dii*cLargo  cLfinnel  tm  tlie  poutli  m^^.  The  beds  will  be 
Beparatcd  by  dihtiibiiting  ebaunols,  with  pick-np  or  draw -off  cliannela 
below,  and  erosa  roadways  between,  as  at  DavyliuLme,  Tho  method 
of  supply  and  distribution  is  preciscdy  the  s^me  as  before  described. 

Tho  forty  beds  nearest  to  the  inlet  end  bave  a  geptirate  efEnent 
cbaunel,  commnnicating  by  a  carrier  with  tho  land  on  tho  Carrington 
sido  of  the  river,  six:ty-four  acres  of  which  it  is  proposed  to  lay  out 
with  shallow  nnder-drainago  for  irriga-tion  purposes. 

Thii'ty-aix  acres  on  tho  Flixton  eide  of  tho  rivor  aro  also  a?iiilablo 
for  the  samo  purpose,  together  with  tho  sixty -four  acres,  ma.king  a 
total  of  about  one  hnndrDd  acres  available  for  irrigation* 

The  syphon  carrying  effluent  water  from  the  bacteria  beds  would 
conaiet  of  a  tunnel  nuder  tho  river,  5  ft.  diameter,  with  shaft  at  each 
end,  that  on  the  Carrington  side  communicating  with  a  supply  channol, 
13  ft.  wide,  following  the  contour  of  the  hi^h  land,  from  which  the 
effluent  would  radiate  over  the  land  m  sub^itliary  carriers,  18  in.  wide, 
with  disc  valves  on  the  upper  ends  iu  the  carrier  waUj  so  that  any 
length  could  be  opened  or  shut  of  at  wilL 

Tho  main  drains  would  lie  midway  between  these  carriers,  commnni- 
cating with  an  open  channel  delivering  into  the  Ship  Canal  oyer  a 
tumbling  bay^  placed  sufficiently  far  back  from  the  Canal  bank  to 
mLnimi^e  any  current  prejudicial  to  navigation. 

Tho  undor-draiimge  would  bo  of  agricultural  drain  pipes »  B  in* 
diameter,  laid  out  in  hening-boneform,  and  at  an  average  depth  of  2  ft* 

land  at  Carringtoa  and  Flixton, 
The  gross  area  of  the  land  for  which  compulsory  powers  of  aequiai- 
tioii  have  been  obtained  L§  2041  acres,  exclusive  of  river  bed,  in 
addition  to  which  small  areas  amounting  to  2^  acres  are  euitaHe  for 
acquisition  to  straighten  the  boundary,  making  a  total  area  of  207 
acrei> 

Katerials  and  Manner  of  Construction. 

Additional  Tauks,  cCc, 

Tor  tiio  enclosing  walls  and  division  walls  of  additional  tanks  and 
carriers,  and  the  submerged  walls  of  the  present  and  new  tanks,  the 
material  will  be  common  brick  in  cement  mortal r,  faced  with  blue  brick 
on  both  sides  to  the  undeiiiide  of  the  copings* 

The  copings  of  tanks  and  carrier  walls  will  be  of  hard  Torkehire 
stone,  to  harmonise  with  present  work^  The  Bubmerged  walls  will  bo 
finished  with  a  coping  of  blue  brick  on  edge,  in  cement,  with  bull- 
nosed  angles. 

The  bottoma  of  the  new  tanks  will  bo  of  Portland  cement  concrete. 


Manchester.  147 


Bacteria  Beds  and  Storm-Water  Filter  Beds. 

Diatrihuting  and  Pick-up  ChanneU,  &c, 

Tho  work  in  all  pick-up  or  draw-off  channels  and  diyision  walls  is  of 
Portland  cement  concrete,  the  tops  being  finished  in  the  same  material 
throughout. 

The  concrete  work  will  be  the  predominant  feature  in  the  constnic- 
tion  of  the  works,  and  materials  for  it  can  be  procured  at  a  price 
which,  even  if  brought  from  a  distance,  compare  favourably  with  the 
piioe  at  which  they  can  be  procured  in  the  immediate  neighbourhood. 

Irrigation  Areas. 

Flixton  and  Carrington, 

The  under-drains  would  be  of  3-in.  agricultural  tiles,  with  master 
drains  of  glazed  butt-jointed  pipes,  18  in.,  Id  in.,  12  in.,  and  9  in. 
diameter.  The  smaller  carriers  to  be  of  18  in.  half -socketed  glazed 
pipes,  with  earthwork  banks. 

Operation  of  Sluices. 

Bacteria  Beds, 

The  systematic  opening  and  closing  of  the  inlet  and  outlet  sluices  or 
penstocks,  in  accordance  with  a  generally  normal  cycle,  is  a  matter  of 
great  importance,  and  specially  so  in  connection  with  the  bacteria 
beds. 

Pending  the  selection  of  a  suitable  form  of  apparatus,  hand  yalyes 
are  beiag  employed  for  this  purpose. 

Sluices  on  Storm-water  Filters,  dtc. 

The  method  of  management  on  these  beds  will  be  to  leave  a  pro- 
portion of  the  inlet  sluices  under  normal  working  always  open,  with 
the  corresponding  outlets  closed. 

Excess  of  rain  would  therefore  always  find  filter  beds  with  their 
sluices  open  to  receive  it  at  any  time,  in  which  it  could  fill  and  pond  up 
till  the  requisite  level  is  reached,  when  it  would  deliver  automatically 
into  the  outlet  channels.  The  first  downpour  of  rain  would  thus  be 
provided  for,  by  which  time  if  further  openings  were  required  they 
could  easily  be  provided. 

Similarly,  the  larger  isolated  sluices  are  intended  to  be  opened  and 
closed  by  manual  labour. 

l2 
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Estiiiiated  Cost. 

The  total  estimated  cost  of  the  new  works  as  above  described  is 
£487,283  17^.  Ad, 

The  following  particulars  taken  from  the  Annual  Eeport  of 
the  Elvers  Department  for  the  year  ending  March  25th,  1903, 
will  serve  to  show  the  progress  of  the  work. 

Diiring  the  year,  728,000,000  gallons  were  passed  through 
the  septic  tanks  and  primary  bacteria  beds,  and  649,000,000 
gallons  of  effluent  from  chemical  treatment,  or  of  settled 
storm- water  passed  on  to  the  storm-beds. 

The  purification  effected  may  be  seen  from  the  following 
quarterly  returns,  which  clearly  indicate  the  improved  results 
obtained  as  the  beds  become  matured. 
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CHAPTER  IX. 

lei:ds  experiments. 

The  following  particulars  of  the  experiments  on  the  bacterial 
treatment  of  the  Leeds  sewage  are  from  reports  by  Col. 
Harding,  Chairman  of  the  Sewerage  Committee,  having 
charge  of  the  experiments,  and  at  one  time  Lord  Mayor  of 
Leeds,  Mr.  T.  Hewson,  M.  Inst.  C.E.,  City  engineer,  and 
Mr.  W.  II.  Ilan-ison,  M.Sc,  the  Chemist  of  the  Sewage 
Works.  It  is  of  interest  to  note  that  Col.  Harding,  in 
addition  to  filling  the  above  posts,  is  also  a  member  of  the 
West  Riding  of  Yorkshire  Rivers  Board,  and  a  member  of 
the  Royal  Commission  on  Sewage  Disposal.  The  first  report 
is  dated  December,  1898 ;  and  the  second  report,  July,  1900. 

Tho  city  of  Leeds  contains,  within  an  area  of  21,572  acres,  an  esti- 
mated population  at  tho  present  time  of  416,618.  Practically  the 
"whole  of  the  city  is  in  one  sewerage  system,  the  outfall  being  at 
Knostrop,  2^  miles  from  the  Town  Hall.  The  system  is  that  known 
as  the  combined,  there  being  no  separate  drains  for  surface  water.  Some 
251,137  of  the  population  drain  into  the  sewers,  the  privies  being  used 
by  162,481.  Most  of  the  trade-refuse  liquors  go  into  the  sewers,  and 
comprise  those  from  tanneries,  wool  scouring  and  dyeing,  copper  and 
galvanising  works.  The  water  supply  is  good  and  very  soft ;  of  the 
fifteen  million  gallons  daily,  some  four  millions  are  supplied  for  trade 
purposes.  The  rate  of  flow  of  the  sewage  rises  to  over  twenty-two 
million  giillons  in  the  day,  and  fulls  to  below  eight  million  gallons  in 
tho  night.  One-twentieth  of  an  inch  of  rain  per  hour  will  increase 
the  flow  to  a  rate  of  sixty  million  gallons  per  twenty-four  hours, 
which  is  the  maximum  capacity  of  tho  outfall  sewer. 

With  a  view  to  rirocting  an  alteration  of  a  pormiinent  character,  the 
corporation  have  had  several  schemes  under  contemplation.  One  was 
a  pumping  scheme  to  deliver  tho  sewage  on  to  land  near  the  present 
works,  the  cost  of  pumping  alone  being  estimated  at  £11,000  per 
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annum,  repi-esentmg  a  capital  charge  of  ilSOOjOOO ;  but  the  land  was 
quite  nnsidtable.  Another  was  a  gravitation  scheme  to  laJid  ahout 
13 J  miloa  from.  Knostrop.  On  examination,  howover*  it  was  found 
that  half  tho  area  proposed  was  subject  to  floodB,  and  the  other  half 
unBuitable*  In  addition,  legal  difficulties  were  in  the  way*  On  going 
further  afield^  some  20  miies  away,  land  was  founds  but  the  cost  of 
the  sewer  would  bo  eomo  £400,000,  which,  added  to  the  cost  of  the 
5,000  or  6,000  acros  of  land,  made  a  total  ol  a  million  stcTling.  This 
being  financially  impoesihlo  other  kmds  wore  examined,  these,  though 
3  miles  nearer  than  tho  last  named,  wero  too  small,  unsuitable,  and 
beeot  as  before  with  legal  difficulties  as  to  statutory  rights. 

Broad  irrigation  being  found  so  difficult,  chemical  precipitation, 
sludge  pressing  and  effluent  irrigation  in  limited  areas  of  land  were 
considered.  It  wa^i  found  that  the  cost  of  this,  plus  the  capitahsed 
cost  of  treatment  at  the  tanlts  and  pumping  would  be  about  £750,000, 
an  amount  which  very  easily  could  be  largely  increased  by  the  use  of 
the  very  beat  instead  of  mediocre  precipitants,  whilst  the  result  would 
bo  poor  for  such  a  large  expenditure. 

In  Jidy,  1897j  the  Corporation  decided  to  make  a  eeriea  of 
eatporimeiits  as  to  the  possibility  of  treating  tho  sewage  by  the 
bacterial  system.  The  result  of  the  preliminary  trials  were 
satisfactory  bo  far  as  the  resulting  effluents  were  concerned, 
but  the  warning  which  had  been  given  as  to  the  possible 
intorfermg  action  of  the  large  quantities  of  iron  salts  in  the 
sewage  was  found  to  be  justified. 

The  iron  Hquor  by  itself  was  found  to  exert  a  stcriliisin^  action  ^  but 
when  diluted  with  domestic  sewage  the  bacterial  action,  though  to 
some  extent  chocked,  wasg  not  stopped ;  but  purification  did  not  pro- 
ceed with  its  usual  ease,  oxygen  being  absorbed  by  the  iron  salts,  and 
was  to  that  extent  not  available  for  oxidising  the  organic  matter, 

"With  samples  of  average  LcecU  sewage  containing  iron  liquor^  tan 
refuse,  and  ether  trade  effluents  diluted  with  domestic  sewage,  good 
results  were  obtained  on  the  small  experimental  beds^  giving  80  per 
cent,  of  purification  as  the  measure  of  tho  work  of  tho  double  beds  on 
the  matters  in  solution,  those  in  suapension  being  entirely  removed. 

For  the  purpose  of  testing  the  process  on  a  working  scale ^  two  of 
the  eld  precipitation  tanks,  No.^,  11  and  12,  were  used.  No,  11  was 
raised  1  ft<  6  in.  for  the  fine  b{>d,  and  No.  12  was  raised  8  ft.  8  hHi  by 
filling  up  the  bottom  and  raising  the  walls  so  qs  to  form  a  coarso  bed 
at  such  level  that  its  contents  could  be  emptied  on  to  the  fine  bed* 
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The  coarse  bed  was  filled  with  coarse  coke  not  less  than  3  in.  diameter, 
and  the  fine  bed  with  coke  not  less  than  A  in.  diameter  and  not 
more  than  1 J  in.  diameter.  The  floors  of  the  beds  were  paved  with 
old  bricks,  grouted  in  cement,  and  were  formed  with  a  fall  to  the  out- 
let end  of  the  bods.  Upon  these  were  laid  3-in.  agricultural  tile 
drains  2  ft.  apart,  connected  at  their  low  ends  with  a  brick  collecting 
drain,  conveying  the  drainage  to  the  outlet  valves.  In  both  rough 
and  fine  beds  these  drains  were  surrounded  with  specially  large  pieces 
of  coke. 

The  size  of  the  coarse  bed  is  at  top  90  ft.  by  65  ft.,  and  at  bottom 
88  ft.  by  63  ft.,  and  the  depth  5  ft.  The  size  of  the  fine  bed  is  100  ft. 
by  61  ft.  at  top,  and  99  ft.  by  51  ft.  at  bottom,  and  the  depth  is  6  ft. 
The  average  area  of  each  bed  is  about  620  square  yards,  or,  roughly, 
one-eighth  of  an  acre. 

The  charges  of  the  beds  were  measured  by  an  iron  tank,  having  an 
effective  capacity  of  13,187  gallons,  and  which  was  graduated.  The 
sewage  was  first  turned  on  to  the  beds  on  2nd  October,  1897.  Abso- 
lutely crude  sewage  was  used,  the  only  matters  kept  back  being  those 
retained  by  the  iron  grating  in  the  screening  chamber  on  the  main 
intercepting  sewer,  which  iron  grating  consists  of  vertical  bars  with 
1-in.  spaces,  and  the  bods  were  worked  in  this  way  for  four  months  till 
2nd  February,  1898. 

From  2nd  October  to  December,  1897,  the  beds  received  two  charges 
per  day,  but  from  that  date,  arrangements  having  been  made  to  fill 
and  empty  the  beds  more  quickly,  they  received  three  charges  in  the 
twenty-four  hours  until  2nd  February,  1898.  In  the  whole  period 
from  2nd  October  to  2nd  February  the  beds  received  284  charges  of 
crude  sewage. 

The  amount  of  purification  shown  by  the  final  effluent,  after  the 
beds  had  become  established,  proves  that,  notwithstanding  iron  liquor 
and  other  trade  effluents  mixed  with  the  sewage  of  Leeds,  it  can  be 
treated  on  bacteria  beds  so  as  to  produce  a  really  good  effluent.  Suf- 
fice it  to  say  here,  continues  the  report,  that,  taking  the  oxygen  ab- 
sorbed in  four  hours  and  the  albuminoid  ammonia  present  as  measures 
of  the  work  done  by  the  beds,  the  figures  show  for  the  average  over 
the  whole  period  73-6  per  cent,  of  purification  in  regard  to  the  latter, 
and  82*3  per  cent,  of  purification  in  regard  to  the  former. 

The  effluents  from  the  fine  bed  had  no  smell,  except  at  times  a  slight 
earthy  odour.  The  first  flow  from  the  fine  bed  was  always  cloudy,  and 
in  some  cases  turbid,  but  it  cleared  more  or  less  soon  according  to  the 
varieties  of  sewage  being  treated;  the  latter  part  of  the  flow  was 
always  very  clear.  The  average  samples  were  for  the  first  month 
cloudy,  later  opalescent,  and  in  December  and  January  almost  clear 
when  drawn  off.      On  being  kept  they  always  cleared  within  twenty- 
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four  hours,  Liit  tliQ  cloarijig  was  coineideiit  with  a.  deposit  in  the 
bottlua  of  a  reJilitili-biown  flocciilent  matt<>r,  wHjcK  on  examination 
proved  to  be  largely  OKido  of  iron.  This,  as  the  offliient  come;?  ofT,  is* 
in  solution  in  tho  forroas  &tato,  abiorhs  o:tyg:cii  and  precipitates  aa 
hydratod  feiTic  osLid<^  Tho  deposit  ia  duo  to  tho  largo  quantity*  of  iron 
liquor  whit^h  Domca  down  with  the  aowogo,  and  is  not  objectiorvable 
from  a  saiiitary  point  of  view.  To  remove  this  deposit  by  sand  filtra- 
tion would  bo  quite  possible,  but  ooBtly. 

In  onler  to  make  a  physiological  test  of  the  effluent,  arrangements 
were  made  for  the  fintil  effluent  to  remain  in  the  eUluont  basin  to  a 
depth  of  iiboufc  ISin,^  and  on  30th  November,  1897,  some  carp  were 
put  in  the  bcisin.  At  first  some  died  by  tho  riL^h.  of  the  effluent 
i^arrying  them  n^^ainst  tho  outflow  grating.  Provision  was  accordingly 
made  to  protect  the  fish,  and  all  the  fish  which  were  living  at  the  time 
this  was  done  Burvivml,  buing  still  alive  at  tho  pn>sent  time^  having 
been  continuously  in  the  effluents,  good  and  bad,  which  hftve  passed 
througli  the  hn.'^in  for  over  a  year*  Green  confcr?oid  growths,  generally 
looked  upon  as  a  sign  of  olTectivo  oxygenation,  soon  began  to  appear^ 
No  sewage  fungus  has  heen  found  about  the  basin. 

The  beds  having  th\v^  given  good  results,  theT©  remained  to  consider 
whether  tho  bods  were  ronlly  digesting  tho  large  quantity  of  suspended 
matter  brought  down  in  the  ^ewagt?,  or  wliether  this  waa  aooumtiktuig 
in  the  bods. 

Tho  next  question  to  be  determined,  after  ascertaining  the  essential 
fact  that  the  bacterial  process  as  devdope<l  at  Sutton  u  capable  of 
purifying  the  sewage  of  Leeds,  was  tho  rate  at  which  the  suspended 
matters  in  the  sewage  was  being  digested  on  the  beds.  **  The  gross 
capacity  of  tte  ooaise  bed  is  174,&0O  gallons.  The  net  or  liquid 
capacity,  after  filling  in  the  coke,  is  ostimuted  at  N;i,300  gallons," 
From  time  to  time  caroful  measures  weixj  made  of  the  water  capacity. 
Accord mg  to  the  results  of  working  at  Sutton  for  twelve  months  on  a 
bed  3  ft,  G  in,  deep,  this  factor  remained  practically  constant ;  but 
when  the  beds  were  increased  to  5  ft,  3  in*  deep  the  liquid  capacity 
rapidly  decreased.  At  Leeds  tho  following  results  were  obtained  on 
d-ft,  beds.  Liquid  capacity  at  tho  commencement :  on  2nd  October, 
1897,  83,300  gallons;  on  IGth  December,  1897,  58,^00;  on  30th  De- 
cember, 1897,  57,100;  on  Kith  January,  1898,  51,100;  and  on  27th 
January,  1898,  45,400, 

On  2nd  February,  1898,  tho  bed  was  given  a  rest,  as  tho  digestion  of 
the  sewage  was  evidently  not  keeping  pace  with  the  daily  increment. 
*  *  No  doubt  the  reduction  in  capacity  was  also  due  to  some  extent  to 
the  settling  of  tho  coke,  evidenced  by  the  necessity  for  placing 
additional  coke  on  tho  hod  to  raise  it  to  its  original  level,  and  to  some 
extent  also  to  tlie  grit  or  sdneral  matter  which  passed  on  to  the  bed. 
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and  which  it  is  essential  to  keep  out,  as  bact.nial  action  cannot 
reduce  it." 

In  consequence  of  the  large  quantity  of  fibre  contained  in  the 
sewage  forming  a  sort  of  felted  mass  on  the  surface  of  the  bed  straining 
screens  were  provided,  and  a  short  experiment  was  made  in  the 
interval  with  the  effluent  from  the  lime  precipitation.  These  were 
eminently  satisfactory,  in  the  same  way  as  they  had  been  with  the 
original  fine  bod  at  Barking  on  the  precipitated  London  sewage. 
"The  experiment  with  screened  sewage  was  begun  on  4th  March,  1898. 
A  screen  of  perforated  zinc  with  J-in.  holes  was  fixed  to  the  top  edges 
of  the  main  carrier,  so  as  to  form  a  shallow  horizontal  perforated 
trough  or  gutter  3  ft.  wide,  about  12  in.  deep,  and  some  40  ft.  long. 
On  starting  filling,  the  crude  sewage  flowing  along  the  gutter  rapidly 
fell  through  the  perforations  in  a  fine  rain,  the  stream  reaching  only  a 
few  feet  forward.  Paper  and  other  solids  wore  washed  forward  to  the 
edge  of  the  flow,  and  the  arrangement  might  have  proved  automatic 
but  for  the  largo  quantity  of  wool  fibre  brought  down  in  the  sewage, 
which  gradually  choked  the  perforations  at  tho  entrance  of  the  gutter, 
and  caused  the  flow  to  extend  along  the  trough.  By  tho  occasional 
use  of  a  brush,  however,  tho  attendant  was  able  to  clear  the  perfora- 
tions and  keep  tho  flow  under  control.'*  This  can  easily  be  made 
automatic  when  designing  tho  complete  works. 

**  The  screening  was  found  to  bo  very  effective,  paper,  vegetable 
matter,  and  fibre  being  kept  back.  Although  the  quantity  appeared  to 
be  bulky,  on  careful  measurement  it  only  amounted  to  2  J  cub.  ft. 
per  day,  or  about  14  gallons  per  filling  in  the  day,  and  only  about 
3  gallons  in  the  night.  Tho  screenings  when  dry  could  be  easily 
burned ;  and  no  difficulty  was  found  as  to  storage,  for  gardeners  were 
glad  to  fetch  them  away  for  use  in  garden  frames.'* 

The  measurements  of  capacity  were  now  resumed.  Two  days  before 
resuming  the  experiment  the  measured  capacity  on  2nd  March  was 
62,100  gallons;  14th  March,  52,300;  26th  March,  46,100;  9th  April, 
42,900  ;  23rd  April,  40,100.  On  27th  April  the  beds  were  given  seven 
days'  rest.     On  5th  May  the  capacity  was  45,800  gallons. 

The  beds  had  been  filled  three  times  a  day  since  16th  December,  and 
the  change  was  now  made  to  two  fillings  a  day. 

On  20th  May  the  cajjacity  was  44,300  gallons ;  2nd  June,  44,600 ; 
16th  June,  43,200. 

**  On  16th  June  the  work  was  suspended  for  thirty-eight  days  until 
25th  July,  because  it  became  necessary  to  build  a  large  culvert  along- 
side the  beds,  and  in  connection  with  the  new  settling  tanks.'* 

On  28th  July,  1898,  the  capacity  was  66,500  gallons,  against  57,100 
on  30th  December,  1897  ;  25th  August,  1898,  43,400;  8th  September, 
41,100. 
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*'  III  orilur  to  prevent  grit  from  reaching  tko  boik  ia  fiituro,  it  was 
now  doL'iilod  to  alter  tho  oxperitnenfoj  so  that  work  bj  tlio  bods  Btould 
be  preceded  by  a  partial  sottliog  as  woU  aa  tin?  t^creenitig. 

"  The  experiment  witk  screened  sewage  hx\^  been  earned  oa  for  aix^ 
months,  from  4th  March  to  ^tth  Septeuiberp  with  seven  days*  rest  from 
STth  April  to  4  th  May  I  ajid  an  en  fo  reed  rest  of  thirty  *eight  days  from 
16tb  June  to  25th  July-  in  all»  forty- five  days,  or  IJ  laontha'  rest* 
Tkere  had  been  three  fillini^a  per  twenty-four  honra  from  4th  March  to 
6  th  May  J  and  two  iilling^  a  day  from  that  date  to  8  th  Soptomber» 

**  The  number  of  fiDings  during  the  whole  puriod  was  31  o.  Tho 
average  of  tho  fillingi  wa^  46,<)CK)  gallons ;  and  the  total  passed  on  the 
bed  during  tho  six  months  was  H»490,000  gallona,  ngainst  18,346,400 
from  2nd  October,  1897,  to  2nd  Fobruary,  1898.  After  making 
allowance  for  tho  solxds  screened  oH,  it  is  estimated  that  about  31,100 
gallons  of  sludge  wore  retained  by  the  rough  bed, 

"  Tho  capacity  on  2nd  March  was  52,100  gallonSj  and  on  8th  Sep- 
tember 41,000  gallons;  loea,  U»  100  gallons* 

"Deducting  this  from  tho  estimated  amount  of  51JO0  gallons  re- 
taine^l  by  the  coai"se  bed^  wo  have  40,000,  or  about  80  per  cent»,  aa  tho 
amount  of  sludge  con  sum  ed  in  this  period  by  the  coarse  bed.  The  fine 
bed  rotained  16,700  gallons  of  sludge,  tho  whole  of  which  was  con* 
sumed,  the  capacity  of  the  bed  not  having  been  dccrea^d.  The  total 
consumption  by  tho  two  beds  was  o6,T00  gallons  of  sludge/'  the 
effluents  continuing  to  be  eatisfactory. 

**  It  was  then  decided  to  experiment  for  four  weeks  with  sewage 
settled  one  hour.  This  was  begun  on  9th  September,  the  capacity  of 
the  rough  bed  on  8th  September  being  41,000  gallons;  on  22ad  Bep- 
tember  the  capacitj^  hnd  increased  to  47,000  gallons;  on  6th  October 
it  was  46*100  gallons. 

**  From  tho  btrg*)  quantity  of  sludge  left  in  the  settling  tank  it  waa 
evidont  that  the  bed  had  too  little  to  do  as  regards  matter  in  suspen- 
sion, there  being  only  12  grains  per  gallon  in  euBpcn&ion,  against  37 
grains  in  the  crudo  sowago* 

*'  Tho  sewage  was  therefore  settled  for  only  half  an  hour.  On  Sth 
October  the  capacity  was  46,100  gallons ;  on  20th  Oct(jber^  44,900 ;  on 
3rd  November,  44,100.  Too  much  sludge  was  still  left  in  tho  settling 
tank,  and  from  4th  Norember  the  sewage  was  pumped  on  to  the  bods 
immediately  after  tho  tank  was  filled,  when  the  eewage  passing  on  to 
the  bed  was  found  to  contain  2o  grains  per  gallon. 

**  On  17th  November  tho  capacity  was  42,200  gti lions*" 

J 3  ihf^  cttjntciitf  on  9(h  April  nas  42,900,  U  it' ill  he  seen  that  not  mdy 
\vm  the  diiffAfkiu  rqmtl  to  thf.  wlwle  of  the  maUer  put  on  tlm  bed  in  ovtr 
stvtn  nwfdJts^  hut  that  $omc  of  the  "  etocl\*^  ai  it  mttt/  he  afUrd,  kwm  re^ 
duced.     On  21th  Januanj^  iimrly  ten  monthi ^eviotis  to  11  th  Novembirt. 
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ike  cajKtcity  wa%  45,400  gallonSt  so  that  the  average  daily  destruction  of 
the  sludge  v)a$  nearly  equal  to  the  daily  supply  during  that  period, 

"  Taking  the  year's  working  from  2nd  October,  1897,  to  Ist  October, 
1898,  there  were  passed  over  the  beds  in  that  period  683  fillings,  of  an 
average  of  54,000  gallons,  or  in  all  36*8  million  gallons,  and  this, 
divided  by  365  days,  gives  100,000  gallons  a  day,  including  the  periods 
of  rest,  forty-five  of  which  were  enforced. 

'*  Two  beds  were  used,  a  coarse  and  a  fine  bed,  each  having  an  area 
of  one-eighth  of  an  acre.  Therefore,  one  quarter  of  an  acre  was  re- 
quired (by  both  beds)  for  the  treatment  of  100,000  gallons;  and  it 
follows  that  one  acre  of  beds,  half  being  coarse  and  half  being  fine 
beds,  would  deal  with  400,000  gallons  a  day  only.  This  was  con- 
siderably less  than  had  been  anticipated.  During  some  months  much 
more  than  this  was  being  treated.  Thus,  while  the  beds  were  being 
filled  three  times  a  day,  with  an  average  of  54,000  gallons  per  filling, 
162,000  gallons  a  day  were  really  treated.  It  was  found,  however, 
that  after  a  few  weeks  the  beds  gave  signs  of  being  overworked. 

•*  It  is  probable  that  in  working  with  three  fillings  a  day  of  crude  or 
screened  sewage  it  would  be  necessary  to  give  the  beds  a  rest  of  one 
week  in  four.  This  would  equal  121,500  gallons  a  day,  equal  486,000 
gallons  an  acre,"  or,  on  the  coarse  bed  only,  972,000  gallons  per  acre. 
As  the  fine  bed  retained  its  capacity,  this  would  continue  to  work  at 
the  full  rate  of  60,000  gallons  per  filling,  which,  multiplied  by  three^ 
equals  180,000  gallons,  or  1,440,000  gallons  per  acre  per  day. 

In  dealing  with  sewage  settled  one  hour,  the  working  capacity  was 
found  to  be  598,320  gallons  an  acre  for  the  two  beds,  or  for  the  coarse 
bed  only  1,196,640  gallons  per  acre. 

The  report  then  concludes  with  the  following:— **  The  CouncU  will 
see  that  the  subject  is  complex  ;  but  it  is  interesting  to  note  that  the 
whole  drift  of  modem  scientific  thought  in  regard  to  sewage  treatment 
is  in  the  direction  of  biological  treatment — is,  in  fact,  a  return  to 
nature's  methods  in  disposing  of  animal  and  vegetable  decay  by  means 
of  the  countless  organisms  in  the  upper  layers  of  the  soU,  the  chemical 
action  of  which  is  being  year  by  year  increasingly  investigated  and 
understood." 

The  fact  that  the  bacterial  action  in  porous  beds,  as  originally 
worked  out  at  Barking  and  Sutton,  is  fully  competent  to  efiPectually 
purify  the  sewage  of  Leeds  is  established.  The  only  factors  which 
further  experience  will  elucidate  is  as  to  the  best  means  of  keeping  the 
mineral  and  more  resistant  organic  matters  from  clogging  the  beds, 
and  the  area,  &c. 

This  would  appear  to  be  accomplished  best  by  subsidence 
in  either  open  or  closed  tanks,  but  after  careful  consideration 


156 


Genemi  Ohservalims  on 


of  the  wholo  of  the  i^esults  of  tlie  work  at  this  exceUent 
eKperimeBtal  station,  it  would  almost  Beem  that  the  safest 
csourse  to  pursue  would  be  to  contiuae  the  precipitation  of 
the  iron  Baits,  &c.  by  means  of  lime  as  hitherto,  and  to  treat 
the  effluent  on  contact  beds  as  at  Barking,  ETidently 
economy  maybe  oyerstrained. 

In  continuation  of  these  experiments  the  committee  tried 
various  modifications  of  the  simple  bed  system,  amongst  these 
being  the  septic  tankj  followed  by  the  bacteria  bedfi, 
Itr,  Scott  Moncrieff's  multiple  nitrification  trays,  and 
Messrs.  Whittaker  and  Bryant^s  sprinklers,  which  distiibute 
the  sewage  ou  an  elevated  open-sided  filter  on  the  lines  of 
that  proposed  by  Colonel  Ducat* 

In  July,  IQOOj  the  second  report  was  isaucd  and  signed  by 
Colonel  Harding,  Mr,  Hewsou,  and  Mr.  W.  H,  Harri* 
son,  M.Sc,  the  chemist  to  the  committee,  from  which  the 
following  excellent  summary  of  the  results  then  arrived  at  is 
taken : — 


General  Ob  ler  vat  ions  on  Experiments  with  Contact  Eedt. 

If  a  J^ample  of  Lettls  fowag©  is  filtered  througk  filter  paper,  the 
withdrawal  of  the  solids  in  enfipengioii  giTes  a  pmificaticm  of  about 
50  poT  cent* 

Cheuiical  precipitation  brings  about  a  similar  rosnlt,  from  45  to  50 
per  cent*  purifi cation,  tbougb  in  eome  ca&e8  ^omewbtit  b<3tter  results 
are  obtain rnl  on  occount  of  tbo  action  of  the  precipitant  in  tbrowiiig 
down  fiomc  of  the  matters  in  solution. 

After  tho  solid fs  in  eue^penf^ion  havo  been  removed  from  towage  there 
remains  a  liquid,  which  is  often  clear  and  free  from  Fmell  when  it  first 
leaves  tho  bmki*,  but  which  ^till  cc^mtains  in  f^olution  about  ^  percent, 
of  the  impuritirhi  originallj'  in  the  sewage.  This  liquid  on  standing  or 
being  turned  into  a  stream  becomes  dark  coloured,  puti'efies,  and  ^\^^ 
off  offensive  snitlU^. 

The  treatment  of  sewage  therefore  r^olves  itself  mainly^  into  two 
parts ; — 

1 .  Deahng  with  matters  io  suBpeiisiOM, 
2 1  Dealing  with  those  iu  solution. 
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Chomical  precipitation  deals  mainly  with  the  first,  and  in  actual 
practice  accomplishes  little  in  regard  to  the  second  ;  and  its  effect  in 
regard  to  the  first  is  at  the  cost  of  great  i>roduction  of  sludge  which  has 
to  be  dried  or  pressed  and  removed,  an»l  lias  little  or  no  agricultural 
value. 

The  object  of  the  experiments  was  therefore :  — 

1.  To  bring  about  a  higher  degree  of  purification  than  can  be 

attained  by  mere  precipitation  with  or  without  chemicals. 

2.  To  see  how  far  it  might  be  possible  by  bacterial  action  to  do 

away  with  sludge  production,  or  at  least  to  reduce  it. 

The  experiments  were  chiefly  with  double  contact  bods,  a  rough  and 
a  fine  bed  working  in  pairs,  numbers  1  and  2,  \\  and  4,  and  5  and  6. 

This  system  of  artificial  filtration  was  found  to  bring  about  a  purifi- 
cation of  from  75  to  9j  per  cent.,  but  it  is  more  effective  in  regard  to 
matters  in  solution  than  to  those  in  suspension  which  are  more  slowly 
reduced,  and  of  which  the  undigested  or  indigestible  portions  tend  to 
accumulate  and  choke  the  beds. 

The  filtrate  from  the  rough  bods,  which  is  an  intermediate  and  not  a 
final  result,  was  always  dark  coloured,  with  some  smell,  and  was 
usually  putrescent  in  character.  The  last  flow  showed  signs  of 
anaerobic  fermentation,  and  sometimes  deposited  sulphur.  This  would 
lead  to  the  conclusion  that  the  process  is  not,  at  least  in  the  lower 
portions  of  the  rough  bed,  a  strictly  aerobic  one. 

The  first  flow  from  the  fine  beds  is  usually  somewhat  turbid  and  un- 
satisfactory, owing  to  insufficient  aeration  in  the  lower  parts  of  the 
beds,  and  in  the  channels  and  pipes ;  and  also  to  accumulation  of  solid 
matter  in  the  neighbourhood  of  the  outlet  valves.  On  the  other  hand, 
the  last  part  of  the  flow  is  exceptionally  good,  and  therefore  all  the 
samples  analysed  are  the  average  of  the  whole  flow,  spreading  oyer  an 
hour,  and  taken  every  ten  minutes. 

As  a  rule,  the  rough  beds  were  found  to  keep  back  from  65  to  75 
per  cent,  of  the  solids  in  suspension,  and  the  filtrate  showed  a  purifica- 
tion of  about  65  per  cent.  The  filtrates  from  the  fine  beds  showed  a 
purification  on  the  crude  sewage  of  from  75  per  cent,  to  95  per  cent. 

The  solids  in  suspension  in  this  final  filtrate  amounted  to  3'51  grains 
per  gallon  when  dealing  with  crude  sewage ;  2*19  grains  per  gallon 
when  dealing  with  screened  sewage  ;  1*3  grains  per  gallon  when  deal- 
ing with  partially  settled  sewage ;  and  these  differences  account  for 
the  turbidity  noticed  in  connection  with  the  first  flow  while  dealing 
with  crude  or  screened  sewage,  and  for  the  improved  appearance  of 
the  effluent  in  dealing  with  partially  settled  sewage ;  and  there  can  be 
no  doubt  that  with  thoroughly  settled  sewage  admirable  results  would 
be  obtained  by  double  filtration. 
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From  experienco  gained  during  over  two  years  in  treating  Leeds 
sewage  on  contact  beds,  it  was  found  that  whether  dealing  with  crude 
sewage,  screened  sewage,  or  partially  settled  sewage,  variable  but  very 
good  effluents  could  be  obtained,  much  superior  to  those  from  lime 
precipitation.  Their  chemical  analyses  gave  results  which  were  gene- 
rally well  within  the  limit  of  one  grain  per  gallon  oxygen  absorbed 
and  •!  of  albuminoid  ammonia :  limits  which  have  in  recent  years 
been  accepted  by  the  Lancashire  and  Yorkshire  Bivers  Boards  as  a 
provisional  standard  of  purity  for  effluents  going  into  a  stream  not 
used  for  drinking  purposes. 

The  following  (Table  XXIII.)  are  the  average  analytical  results 
obtained  over  long  periods,  as  detailed  in  the  preceding  pages : — 


Table  XXIII. 

Table  shotcing  the  Average  Analyses  of  the  Crud£  Sewage  and  the  various 
Filtrates  from  Nos.  1,  2,  3,  4,  6,  and  6  Contact  Beds. 


Graihs  pkb  Qallost. 

Date. 

Total 
Solids. 

Sa». 
pended 
Solids. 

Free. 
NH3. 

Alb. 
NH3. 

oxygen 
Borbed. 

Mttxos[e& 
Nitrates. 

Grade  Sewatre 

Oct. 
27th, 
1898, 
>       to       < 
Oct. 
9th, 
1899. 

117-0 
75-3 
68-4 

40-7 

11-6 

1-9 

n% 

90% 

1-72 
109 
•318 

36  X 
81% 

•809 
•318 
•081 

60% 
90% 

8-04 

2^48 

•50 

69% 
93% 

FatratefromBedNo.  1. 

„         No.  2. 

Percentage    Purification 
effected  by  Bed  No.  1. 

Percentage    Purification 
effected  by  Beds  Nos. 
1  and  2 

•392 

Grade  Sewatre  ....••.•.. 

Nov., 
1898, 
►       to 
June, 
1900. 

>                  > 

118-4 
82-3 
73-0 

42-9 

12-6 

3-3 

70% 

92% 

203        *964 

8^80 
2^07 
•655 

76% 

92% 

Filtrate  from  Bed  No.  3. 

No.  4. 

Percentage  Purification, 
BedNo.3    

•920 
•581 

64% 

71% 

•289 
•103 

70% 

88% 

•261 

Percentage  Parification, 
Beds  Nos.  8  and  4.... 

— 

a1  Lrrrla, 
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OBAI51  PBR  OaLLOX. 


Grade  Sewage 

Filtrate  from  Bed  No.  6. 

„  „         No.  6. 

Percentage  Purification, 
BedNo.6    


Percentage  Purification, 
Beds  No6.  6  and  6  . . . . 


Date. 


Mar., 
1890, 

to 
Nov., 
1800. 


Total 
Solidd. 


124-8 
81-0 
71-6 


Soli.lM.     ^^-  '  ^"»-     sorbed. 


I 


4C-8  ,  2-02    I    -097 


13-7     1  23 


•397 


9-12 
2-91 


3-3  ,    -660  ;    -141       -790 


70%  I   39  X 
02  %      67  X 


60  X 
85  X 


68  X 
91  X 


Nitrogen 

ai 
Nitrates. 


•127 


These  results  were  obtiiinod  notwithstanding  the  largo  yolumo  and 
variety  of  trade  effluent •*  mixed  with  Leeds  sewage.  The  chief  diffi- 
culty occurred  in  connL^ction  with  largo  quantities  of  iron  liquor 
(ferrous  sulphates  and  chlorides)  coming  down  in  this  sewage,  and 
representing  as  much  as  five  tons  of  metallic  iron  per  twenty-four 
hours.  Generally  a  largo  part  of  this  iron  was  retained  by  the  beds  ; 
but  at  times,  especially  in  summer,  some  of  it  came  through  in  solu- 
tion and  afterwards  settled  out  as  a  buff-coloured  flocculent  hydrated 
ferric  oxide. 

The  final  effluent  evidently  contained  abundant  dissolved  oxygen, 
for  it  was  found  to  support  fisli  life ;  coarse  fish,  such  as  carp  and  gold 
fish  living  in  it  for  long  periods,  some  of  them  for  over  two  and  a  half 
years ;  while  there  was  much  green  growth  in  the  basin  and  channels. 
Mention  may  be  made  of  Vauchoria,  an  alga  which  grows  in  swift 
flowing  and  therefore  well  aerated  streams.  The  usual  pond  life  was 
also  represented  in  great  variety  in  the  basin,  including  larvso  of 
Ghironimus,  Nais,  Cyclops,  small  worms,  &c.  In  the  body  of  the 
filter  were  earth  worms  and  great  nuiiibors  of  Podura  aquatica.  These 
evidences  of  aeration  are  a  special  and  valuable  feature  of  biological 
effluents,  which,  unlike  the  effluents  from  chemical  precipitation,  are 
rarely  liable  to  subsequent  putrefaction,  but,  on  the  contrary,  contain 
elements  of  further  purification  and  improve  on  passing  to  the  streams. 

It  was  found  that  new  beds  required  about  six  weeks  to  get  into 
condition,  the  early  eflluents  being  unsatisfactory  and  putrescent; 
but  at  the  end  of  this  period  a  rapid  and  permanent  improvement  in 
the  filtrate  took  place. 

The  process  of  treatment  of  sewage  on  these  contact  beds  was  found 
free  from  nuisance,  and  even  on  digging  deep  into  the  beds  which  had 
received  sewage  for  long  periods,  there  was  no  smell  but  that  peculiar 
to  garden  soil.  It  was  found  that  stray  seeds  falling  on  the  coke  beds 
led  to  luxuriant  growth  of  grass  and  other  plants. 
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Tcmperaiure  of  Beds 


In  these  exponmjnts  ajaalysiji  neror  sTiQwatl  any  important  per- 
centago  of  nitmten,  ivMch,  mdeofl*  only  bogiin  to  appear  after  two 
montks*  work,  and  n^^yer  exceeded  *G  p' r  pilluii,  the  average  being  eon- 
siderubly  lef*s.  Tliis  was  probably  dup  to  tbt*  composition  of  Leeds 
eew&ge  wMch  includes  Toadily-oxidisable  tnido  effluents, 

Aa  bacterial  action  i^  only  po^nt^ible  witMn  a  limited  range  of  tem- 
poraturo^  careful  rccordfl  were  kept  to  deteimine  if  in  cold  weather  the 
temperature  of  tbo  beda  wae  liable  to  fall  below  that  limit. 

An  examinatiou  of  these  records  shows  that  the  temperature  of  the 
beds  is  determined  by  the  sewage,  and  only  in  a  rery  minor  degree  by 
the  atmosphere.    This  ia  illustrated  in  the  following  table : — 

Table  XXIV. — Ararfge   Temprmhtre  cf   Sewage^  Aimmphprc^   (lud 

Rough  and  Fim  Dihdm  Beds  durmj  a  Period  of  Sir  Months. 

(Teniperaturc'3  ore  in  degrees  F.) 


S 

i 

Bouon  Bun  (N^o.  1). 

Fixe  Be»  (Ro.  S). 

.                            FHOM 

^2 

1 

-si 

1 

1 

-|  ft* 

li 

54*8 

1 

1 

1 

1 

^8« 

}a 

a. 

y 

^<S 

^ 
d 

'J 

1 

1 

1^ 

Wl 

1 

56-6 

1 

1 

1 

1 

1 

1 

Dee.  ITUi  to  Dec.  30th,  I§98 

617 

66-3 

66*2 

41*B 

64'8 

6S'l 

551} 

Dec,  Slat  to  Jan.  iStli,  1S9B 

sa^o 

9ffS 

Bl*fl 

517  1 

619 

Br6 

mi 

60-9 

61*1 

6ia 

60*9 

Jui.  U\h  tQ  Jan.  t?th,  „ 

51 -fl 

aai 

61 -t 

61  S 

61-4 

613 

67-7 

60S 

60-9 

610 

609 

JaQ.  2Stb  to  Feb,  JOfh,   „ 

fis-e 

38-6 

eae 

5V2 

633 

63*4  1 

3&-4 

61*4 

61-S 

61-6 

61*3 

Feb.  lOth  to  Fe1>.  fl4Ui»  „ 

64-e 

m-7 

6*D 

5a8 

53-8 

B3'6 

4(rfi 

Br6 

62^ 

6«-fl 

S^& 

Feb.  25tli  to  Mar.  llthp  „ 

mB 

41*3 

67*1 

67'5r 

67  5 

5T"a 

41-6 

61-3 

54-5 

64'8 

643 

Mjir.lfitbtoMftT.2ath,  „ 

m& 

as-? 

66i 

66'T 

6fl& 

eefi 

MS 

6iB 

67*3 

fi7*l 

mi 

Mar.mbtoApr,6th»    „ 

flS^l 

4rn 

fi&3 

660 

65f 

66'1 

47'fl 

M*l 

65'1 

66*2 

61B 

Apr,  10th  to  A^.  ai«t,   ,, 

653 

m 

H4 

64  S 

&l*p 

64^e 

43^3 

63'? 

63*4 

63^ 

63-9 

ApT,22»atoMay«tIi,    „ 

68^5  1 

62T 

B73 

67S 

6fl  2 

67-7 
646 

47*9 

6e'l 

67-3 

676 

668 

Avcrag* 

6fi'0 

41-a 

61^      64  "fi 

64T 

41'a 

634 

63*S 

63-9 

63-6 

It  will  be  seen  that  in  the  eight  hours  occupied  in  passing  through 
both  beds  the  loss  of  temperature  from  the  sewage  to  the  final  effluent 
was  only  IJ  degrees.  During  periods  of  rest  tbo  heat  in  the  beds  rose 
to  TO  and  80  degrfies. 

Durit  g  the  past  fow  ythar^  the  winters  havo  not  been  severe,  and  it 
wfis  only  during  last  winter  that  any  valuable  data  bearing  upon  this 
subject  coiildbo  collected.  They  f^bow  that  during  fjiirly  c^dd  winters 
the  purification  effected  by  this  process  of  contact  filtration  is  not 
appreciably  checked. 


at  Leeds. 
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Los8  af  Capacity 


The  procesi  then  was  reliable  to  give  latiafaetoiy  effluents,  and  tke 
leal  difficulty  was  found  to  be  tJae  impossibility  of  maintaining  tbo 
capacity  of  tho  rougb  bods^  except  witK  eudi  a  slow  rate  of  work  tbat 
tbe  area  of  rough  bods  required  would  bo  very  costly* 

The  loisa  of  capacity  waa  due  to  tbe  following  causes,  aome  of  which 
are  remediable  and  others  not : — 

L  The  pamng  of  iand,  c^tal  dmt^  und  rottd  ddritt/s  into  the  hed. — 
These  niattera  must  be  kept  out,  for  bacterial  action  cannot 
reduce  them*  The  sewage  must  be  passed  first  through  a 
grit  tank  at  such  speod  that  only  tho  heavier  matters,  with 
some  of  the  grosser  organic  solids,  are  left  behind. 

2.  The  dfgmdalton  of  the  material  of  iht  filler. --It  is   found  that 

coko,  though  at  first  carefully  sorted  to  larger  sim,  boou 
becomes  broken  down,  No  doubt  this  aiTBes  to  a  less  extent 
with  clinkor,  which,  however,  Is  apt  to  take  the  fonn  of  slabe, 
and  is  not  very  suitable  for  a  coarse  bod*  Burnt  ballast  is 
very  liable  to  reduction. 

3.  Th^  toitsolidiitum  of  the  matertnl  of  the  hed^ — As  pointed  out  in 

coQuection  with  tho  single  contact  bedi*,  Nos.  7  and  8,  the  loas 
of  capacity  in  those  cases  was  largely  duo  to  this  cause*  The 
material  of  a  bed  must  be  of  very  even  size,  or  gradually  tho 
emaller  pteces,  by  tho  slight  movement  due  to  fill  in  g  and 
emptying,  tond  to  fit  themselves  in  between  the  larger,  so  as 
to  approximate  to  a  solid  mass.  As  we  have  seen,  even 
equal  sized  material  in  courso  of  time  beoomes  broken  down 
into  unequal,  and  so  consolidation  takes  place ^ 

4.  Mort  organic  eoHds  coming  on  to  the  bed  than  the  bed  can  digeH, — 

Fibre  and  certain  vegetable  matters  are  very  slowly  dissolved, 
and  tend  to  accumulate  in  the  beds,  unless  the  rate  of  workitig 
is  vmy  slow.  The  screening- off  of  some  of  these  matters  can 
be  accomplished  within  reasonable  cost* 

5.  The  preif'tice  in  the  sewage  of  moUer^  ufhkh  cannot  he  reduced  hy 

haderhl  ad  ion,  other  than  the  sand  and  road  detritus  which 
it  is  suggested  C4in  be  settled  in  the  grit  tank* 

Whether  such  matters  exist  in  the  sewage  in  an  originally 
irreducible  form,  or  whether  such  irreducible  form  is  reached  as 
a  result  of  change  in  the  bed,  it  is  difficult  to  detei-mine.  But 
it  is  certain  that  a  coarse  bod  which  has  been  loog  at  work  is 
found  to  contain  a  large  quantity  of  matter  akin  to  humus  or 
garden  soil,  and  which  cannot  be  further  reduced.  The  same 
result  was  found  in  connection  with  the  deposit  in  septic 
tanks  and  the  suspended  tj^olids  in  their  effluents. 


of  Leeds  Beds.  163 

6.  The  retention  in  the  bed  of  mineral  solids  originally  in  solution^  hut 
ichichf  by  the  oxidizing  action  of  the  beds,  come  into  stispension : 
as,  for  instance,  the  iron  liquors  containing  ferrous  sulphates 
and  chlorides,  a  large  part  of  which  are  found  to  be  retained 
in  the  beds,  the  pieces  of  coke  being  often  heavily  coated  with 
red  iron  deposit. 

It  may  be  said  that  such  matters  should  be  kept  out  of  the 
sewers.  This  is  easier  said  than  done,  and  it  is  of  course  to 
the  interest  of  municipalities  not  to  put  difficulties  into  the 
way  of  trade ;  and  the  treatment  of  these  liquors,  so  as  to 
deposit  the  iron  before  they  are  allowed  to  pass  into  the 
sewers,  would  be  a  costly  process  for  which  many  manufac- 
turers have  not  land  available. 

When  the  experiments  with  No.  1  bed  were  stopped,  the  material  was 
taken  out,  and  that  coke  only  replaced  which  could  not  pass  through 
1  J-in.  mesh.  This  was  found  to  only  half  fill  the  bed,  so  that  what 
passed  through  li-in.  mesh  and  wais  rejected  represented  half  the 
contents  of  the  bed.  A  careful  examination  of  this  rejected  matter 
gave  a  volume  of  45*25  per  cent,  as  made  up  of  broken-up  coke. 
Therefore,  if  a  material  could  have  been  used  not  liable  to  degra* 
dation,  probably  one-third  of  the  loss  of  capacity  would  have  been 
avoided.  20*39  per  cent,  by  volume  of  tiie  remainder  was  true 
deposit,  but  contained  70  per  cent,  water.  It  had  been  to  some 
extent  dried  or  drained  by  the  resting  of  the  bed,  and  no  doubt  in 
working  conditions  the  deposit  would  contain  nearly  90  per  cent, 
of  water.  Every  grain  of  matter  retained  by  the  bed  holds  up 
9  grains  of  water,  so  that  the  accumulation  consists  largely  of  water 
retained  by  the  spongy  matter.  This  matter  itself  was  to  the  extent 
of  46*6  per  cent,  ferric  oxide  and  sand  and  36*5  was  organic  matter. 

It  is  noteworthy  that  as  the  rough  bed  became  choked,  it  became  in 
effect  a  finer  bed,  and  gave  improved  filtrates ;  but,  on  the  other  hand, 
it  on  that  account  more  readily  kept  back  solid  matters,  and  towards 
the  end  the  choking  proceeded  at  a  more  rapid  rate.  If,  when  the 
capacity  of  the  bed  had  fallen  to  45,000  gallons,  the  rate  of  work  had 
been  reduced  to  one  filling  a  day,  as  was  done  when  the  capacity  had 
fallen  to  25,000,  no  doubt  the  No.  1  bed  might  have  gone  on  working 
very  much  longer. 

It  should  be  noted  that  the  fine  coke  bed  of  the  first  series,  No.  2, 
which  has  been  working  for  2\  years  has  not  given  much  cause  for 
anxiety  as  to  the  maintenance  of  capacity.  The  clinker  fine  beds, 
Nos.  4  and  6,  on  the  other  hand,  have  been  appreciably  reduced  in 
capacity,  which  may  be  due  to  consolidation  brought  abput  by  the 
greater  specific  gravity  of  the  clinker  as  compared  with  coke. 

m2 
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Variations  in  Capacity  of 


The  general  conclusion,  then,  in  reference  to  the  Leeds  experiments 
with  contact  beds,  is,  that  in  the  conditions  at  Leeds,  and  with  the 
material  used,  it  was  found  impracticable  to  deal  with  crude  or  with 
partially  settled  sewage,  not  because  good  effluents  could  not  be 
obtained,  but  because  the  capacity  of  the  rough  bed  could  not  be 
maintained;  and  when  accumulations  arose,  a  large  part  of  them 
having  reached  an  irreducible  stage,  could  not  be  consumed  by  resting 
the  beds. 

If,  therefore,  contact  beds  are  to  be  used  for  Leeds  sewage  in  future, 
the  problem  will  be  : — 

1.  To  find  material  of  perfectly  even  size  not  liable  to  degrada- 

tion. 

2.  To  reduce  as  far  as  possible  the  solid  matters  put  on  to  the 

•  rough  bed. 

3.  To  exclude  and  treat  separately  the  iron  liquors. 

Another  point  suggests  itself,  whether  it  would  be  possible  to  construct' 
the  beds  in  such  a  way  that  the  undigested  or  indigestible  solids  shall 
be  expelled  from  the  beds  with  the  effluents.  This  suggestion  is  dealt 
with  later  in  this  Eeport  in  reference  to  experiments  in  continuous 
filtration. 


Table  XXVI. 
Table  showing  the  Variations  in  Capacity  of  Contact  Beds. 

No.  1,  ROUGH  CONTACT  BED. 

Galls. 

Capacity  before  patting  in  Coke  =■  174,800 

Original  Water  Capacity  after  putting  in  the  Coke  , ,    =    83,300 


1897. 

Oct.  Ist  . . 

Nov.  l8t  . . 
Dec.  Ist  . . 

1898. 

Jan.  1st  . . 

Feb.  Ist  . . 
Feb.  18th 


Galls. 
83,300 

74,000 

64,000 

67,100 

45,400 

Bod  rested  14  days. 

55,900 


Crude  Sewage  (3  fillings). 
Do.  Do. 

Do.  Do. 

Do.  Do. 

Do.  Do. 

Lime  E£Quent. 


Leech  Beds. 
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Table  XXVI.— No.  1,  ROUGH  CONTACT  "BY,!^-- continued. 

Galls. 
Capaoitj  before  patting  in  Coke  =s  174,800 

Origfinal  Water  Capacity  after  patting  in  the  Coke  . .     =    83,300 


1898. 
Mar.  Ist ... . 

63,000 

Screened  Sewage  (3  filling»). 

Apr.  l»t  . . . . 

45,000 

Do. 

Do. 

Apr.  27th   .. 
May  5th  ... . 

40,000 

Bed  rested  7  days. 

45,800 

Do. 
Do. 

Do. 
(2  fillings). 

June  16th  . . 
July  28th    .. 

43,200 

Bed  rested  88  days. 

56,600 

Do. 
Do. 

Do. 
Do. 

Sept.  1st.... 
Oct.  1st  .... 

42,000 

Bod  dug  over. 

46,600 

Do. 
Half-settled 

Do. 

Sewage  (2  fillings). 

Nov.  Ist ... . 
Deo.  Ist  ... . 

44,000 

Bed  rested  14  days. 

45,000 

Do. 
Do. 

Do. 

(3  fillings). 

1899. 
Jan.  Ist  .... 

30,000 

Do. 

Do. 

Feb.  Ist  ... . 
Mar.  1st.... 

31,800 
29,000 

Do.                   Do. 

Resting  on  Sundays. 

Crude  Sewage  do.  (3  fillings). 

Apr.  Ist  .... 

25,000 

Resting  Wednesdays  and  Sundays. 

May  6th.... 
June  3rd.... 

22,700 
23,400 

Resting  alternate  days 

(t.<^.,  1^  fillings  per  day). 

Do.                  Do. 

July  Ist  ... . 

25,600 

Do. 

(1  filling  every  day). 

Aug.  1st.... 

26,800 

Do. 

Do. 

Sept.  9th.... 

27,300 

Do. 

Do. 

Oct.  7th.... 

26,900 

Do. 

Do. 

N.B. — The  increase  of  Capacity  from  July  1st,  1899,  is  more  apparent 
than  real,  as  with  only  one  filling  per  day  the  Bed  would  have  a  longer  time 
to  drain. 
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Loss  of  Capacity  of 
Table  XXVII. 


No.  8,  ROUGH  CONTACT  BED.  q^jj^^ 

Capacity  before  pattbg  in  Coke  =  102,094 

Onginal  Water  Capadty  after  putting  in  the  Coke  . .    =    61,800 


1898. 

Nov.  2l8t   .. 

Dec. 

6th.... 

1899. 

Jan.  2nd.... 

Feb. 

1st  .... 

Feb. 

18th   .. 

Mar. 

Ist.... 

Mar.  27th  .. 

Apr. 

18th   .. 

May 

2nd.... 

May 

3l6t     .. 

June  28th  .. 

Aug 

Ist.... 

Sept. 

1st.... 

Oct  let  .... 

Nov. 

Ist.,.. 

Deo. 

1st  ... . 

1900. 

Jan.  l8t  .... 

Mar. 

10th  .. 

Mar. 

26th  .. 

Apr. 

Ist.... 

May 

1st  .... 

June  Ist . . . . 

July 

Ist  .... 

GaUs. 
61,800 

46,600 


38,100 

34,600 

30,400 

28,600 

23,600 

Bested  18  days. 

28,600 

21,700 

Surface  removed. 

24,900 

22,600 

26,000 
26,000 
24,600 
21,200 
21,700 

18,000 

14,700 

Bested  16  days  and 

Surface  cleaned. 

21,200 
21,000 
18,600 
18,000 
18,200 


Partially  Settled  Sewage  (3  fillings). 
Bested  on  Sundays. 
Do.  Do. 


Do. 
Do. 


Do. 
Do. 


Grit  Settled  Sewage  (3  fillings). 

Best  on  Sundays. 

Do.  Do. 


Do. 

Do. 

Do. 

Do. 

Do.                  Do. 

Beds  rest  alternate  weeks. 

Do.                  Do. 

Do.                  Do. 

Besting  alternate  days. 
(3  fillings). 

Do.                  Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

N.B.— The  increase  of  Capacity  from  July  Ist,  1899,  is  more  apparent 
than  real,  as  with  only  one  filling  per  day  the  Bed  would  have  a  longer  time 
to  drain. 


Leeds  Beds. 
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Table  XXVIIL 


No.  5,  BOUGH  CONTACT  BED. 


Capaoitj  before  putting  in  Coke  

Original  Water  Capacity  after  patting  in  the  Coke  . . 


Galls. 
»  102,094 

=.    63,100 


1899. 

Feb.  28th    . . 

Mar.  14th  .. 

Galls. 
63,100 

46,600 

Grit  Settled  Sewage. 

Best  on  Sundays. 

Do. 

Apr.  let ... . 

42,000 

Do. 

Hay  9th.... 

32,500 

(2  fillings  per  day). 

4  hours'  contacts 

June  Ist . . . . 

30,600 

Do. 

Do. 

July  6th.... 

29,400 

Do. 

2  hours*  contact. 

Aug.  2nd    . . 

29,400 

Do. 

Do. 

Aug.  16th  . . 

29,900 

Do. 

4  hou^'  contact. 

Sept.  13th  .. 
Oct.  24th    . . 

28,300 

nested  85  days. 

30,800 

Do. 
Do. 

Do. 
Do. 

Nov.  22nd  . . 

26,400 

Do. 

Do. 

1900. 

Har.  9th.... 

27,600 

(8  filUngB  per  day). 

2  hours*  (xmtftoi 

Apr.  6th.... 

23,000 

Do. 

Po.  .      . 

Hay  4th.... 

18,100 

Do. 

...Po. 

June  Ist ... . 

13,200 

Bested  90  dajB  and 

Surface  cleaned. 

Do. 

Do. 

June  22nd  . . 

20,600 

Do. 

Do. 

July  20th   .. 

16,600 

Do. 

bo. 
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Table  XXIX. 


No.  7,  SINGLE  CONTACT  BED. 
Original  Water  Capacity  after  putting  in  the  Coke  . 


Galls. 
66,700 


1899. 

IVTar.  24tli  . . 

Galls. 
66,700 

T^lme  Effluent. 

Apr.  2l8t    .. 

60,308 

Do. 

Hay  6th.... 

48,600 

Do. 

June  2nd    . . 

43,600 

Do. 

July  let  ... . 

38,000 

Do. 

Aug.  l8t  .... 

33,000 

Do. 

Sept.  let.... 

28,600 

Do. 

Oct.  20th    .. 

21,600 
Bed  re«tedand  tuniedover. 

Do. 

1900. 

Jan.  3rd ... . 

53,600 

Do. 

Feb.  2nd. . . . 

50,300 

Do. 

Mar.  l8t.... 

46,000 

Do. 

Apr.  l8t.... 

41,000 

Do. 

May  iBt  . . . . 

36,600 

Do. 

June  1st ... . 

31,000 

Do. 

July  6th ... . 

26,600 

Do. 
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Table  XXX. 


No.  8,  SINGLE  CONTACT  BED. 

Galls. 
Original  Water  Capacity  after  putting  in  the  Coke  . .    =s    29,600 


1899. 

Mar.  23rd  . . 

GaUs. 
29,500 

Septic  Tank  Effluent. 

Apr.  6th  .... 

29,800 

Do. 

May  4th  ... . 

27,100 

Do. 

June  2nd    . . 

23,000 

Do. 

July  l8t  . . . . 

18,500 

Do. 

Aug.  Ist  .... 

16,000 

Do. 

Sept.  2l8t  . . 
Nov.  10th  , . 

10,700 

Bed  reHted  and  turned  over. 

26,900 

Do. 
Do. 

Deo.  let  .... 

24,600 

1900. 
Jan.  Ist  .... 

19,600 

Feb.  Ist  ... . 

17,000 

Mar.  1st.... 

16,000 

Apr.  Ist ... . 

13,600 

May  4th.... 

12,200 

June  Ist ... . 

9,800 

July  Ist  ... . 

11,000 

iro 
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0eaeral  Observations  upon  Septic  Tanks, 

Wten  a  .-^optic  tauk  id  £rgt  started,  a  simple  depositioE  of  tlio  aus* 
pendiid  matters  occurs,  the  effluent  obtaiii«?d  being  ia  reality  onlj 
nettled  sewage.  Soon,  liowover,  a  fermentation  of  the  depositad  solids 
takes  place,  and  a  largo  volume  of  gaseous  producte  is  evolved*  The 
ptiTiod  elapging  between  tlie  sturtiiig  of  the  tanks  and  the  occurrence 
of  the  phenomenon  varies  witli  the  state  of  the  weather,  being  shortest 
in  summer.  This  evolutioii  of  gas  graduollj  increases  until  sufficient 
has  aecumulatad  in  the  deposit  to  raise  large  portions  of  the  latter  to 
the  surface  of  the  litiuid,  where  part  of  them  remain  supported  by  gas. 
These,  exposed  to  the  rtir  and  sun,  becomo  dried  on  the  eurfuce  and 
hardcBod.  The j  accumulate  at  first  to  tho  windward  of  the  tank^  and 
gradually  spread  over  the  whole  surface  \  corke.  matches,  and  the 
lighter  matters  forming  part  of  the  mass,  which,  during  the  hot 
Bummer  months,  often  attains  in  parts  to  a  thickness  of  over  one  foot. 
During  the  winter  months,  and  especially  immediately  after  periods 
of  sewre  frost,  this  surface  layer  shows  a  decided  tendency  to  becx>mo 
thinner. 

Whilc^t  these  changes  have  been  taking  plaoe  in  the  contents  of  the 
tank,  tho  character  of  the  effluent  obtained  has  also  altered.  At  fiist 
the  outflow  has  all  the  character! sties  of  settled  sewage,  and  at  Leeds 
is  yellow  in  colour  owing  to  the  presence  of  iron.  As  the  putrefaction 
of  the  sediment  in  the  tank  proceeds,  the  effluent  becomes  darker 
coloured  and  almost  black,  and  somewhat  offensivo,  owing  to  the  solu- 
tion of  some  of  the  products  of  bacterial  action  and  the  production  of 
sulphides  of  iron* 

The  gases  evolved  are  inflammable,  and  no  doubt  with  a  sufficient 
area  of  cov^nd  septic  tanks  they  might  be  used  for  heating  and  light- 
ing purposes. 

The  question  whether  septic  tanks  should  be  closed  or  not  is  of  im- 
portance in  view  of  the  considerable  extra  cost  of  roofing  them  in* 
The  advantages  claimed  for  closed  tanks  are  i— 

1,  That  the  roofing  excludes  the  air  from  the  surface,  and  promotes 

better  anaerobic  conditions. 

2,  That  the  resultant  gases  are  under  control,  and  can  be  utilised 

for  lighting  or  heating. 

3,  That  evil  odours  are  prevented  from  escaping. 

4»  That  the  heat  of  the  sewage  k  better  maintained. 

^e  experience  of  Leeds  shows  that  whatever  results  were  obtained 
from  the  closed  septic  tanks  were  equally  well  obtained  by  the  open^ 
and  that  the  scum  which  fonns  on  septic  tanks  itself  soon  gives  a  cheap 
automatic  roof  ^  which  is  chiefly  of  value  in  preserving  the  heat  in  the 
sewage,  the  Boating  surface  being  a  bad  conductor. 
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It  was  found  that  the  average  loss  of  heat  of  the  sewage  in  passing 
through  the  open  septic  tanks  was  1*6  degrees  F.,  while  through  the 
dosed  it  was  *8  degree  F.,  and  the  difference  is  too  small  to  warrant 
the  expense  of  a  roof  on  this  account. 

The  heating  value  of  the  gases  is  not  great,  and  the  roofed-in  septic 
tanks  are  really  gas-holders,  and,  except  under  proper  care,  may  be- 
come a  serious  source  of  danger. 

In  the  open  septic  tanks  the  gases  produced  are  at  once  dispersed. 
For  the  most  part  they  are  inodorous,  no  appreciable  nuisance  having 
arisen,  though  the  effluent  itself  is  more  or  less  offensive.  But  Leeds 
^sewage  is  diluted  and  mixed  with  trade  effluents,  and  no  doubt  where 
strong  domestic  sewage  is  being  treated  greater  nuisance  may  arise, 
and  tiie  roofing  become  necessary. 

In  appearance  the  effluents  obtained  from  the  open  and  closed  septic 
tanks  were  identical,  whilst  from  a  chemical  point  of  view  no  distinct 
difference  can  be  detected. 


Table  XXXI. 

Average  of  Analyses  referring  to  Effluents  from  Open 
and  Closed  Septic  Tanks, 


Obains  pkb  Qallok. 


Total 
Solida. 


Saraended 
Bolida. 


Preo. 
NH3. 


Alb. 
NH3. 


Oxygen 

AbBorbed 

Uhw., 

80»F.). 


Effluent  from  OPEN  Soptic  Tank 
(N0.I)     


Effluent    from    CLOSED    Septic 
Tank  (No.  1) 


77-6 
77-9 


13-1 
12-8 


1-83 
1-8 


•465 
•437 


4*18 
4-82 


By  the  putrefactive  changes  taking  place  in  these  tanks,  a  fair  pro- 
portion of  suspended  matters  present  in  Leeds  sewage  (it  was  40 
per  cent,  in  No.  1  open  septic  tank)  can  be  transformed  into  gases  and 
soluble  solids.  Part  is  carried  forward  by  the  effluent,  and  is  further 
treated  upon  the  various  filters,  and  part  is  left  behind  in  the  tanks 
and  there  accumulates. 

An  analysis  of  the  dry  sludge  in  No.  1  septic  tank  showed  a  loss  on 
ignition  of  5o'4  per  cent.,  leaving  an  ash  of  44*5  per  cent.,  of  which 
34*8  per  cent,  was  ferric  oxide,  and  47*1  per  cent,  silica,  so  that  nearly 
half  of  it  is  in  a  form  not  further  reducible  by  bacterial  action. 

From  time  to  time  some  of  the  sludge  will  have  to  bo  removed,  but 
it  is  desirable  to  do  so  without  the  necessity  of  emptying  the  tank  and 
having  to  start  septic  action  de  novo,  a  x)toccss  which  takes  several 
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mouths  to  develop.  Since  ttera  must  bo  from  time  to  timo  a  remoTal 
of  some  of  the  matters  in  a  septic  tank,  and  since  pofisibly  some 
difficulty  mayariao  from  the  offensive  cliaracter  of  the  septic  sludge,  it 
may  bo  veU  to  work  aoptic  tanks  in  aeries.  In  that  case,  as  preTioufl 
pagee  show,  if  the  flow  is  at  tho  twenty- four  hours*  rate  through  four 
equal  tanks,  it  will  ho  at  four  times  that  nite  through  each,  and  con- 
sequently there  wUl  be  such  rapid  settlement  of  the  heavier  solids  in 
the  first  tank,  that  it  wiQ  bo  full  holore  septic  action  arises  there  to 
any  impoi-taut  extent.  If  this  fi^^it  tiink  tJierefore  is  in  dupHcate,  it 
might  bo  emptied  altogother  fixim  time  to  time,  and  if  it  is  also  used 
as  a  grit  tank  the  aludgo  will  bo  dense,  with  a  relatively  small  pro- 
poriion  of  water,  and  in  a  condition  less  offensive  than  that  of  the  thin 
black  septic  sludge* 

A  point  of  great  importanco  to  settle  is  the  queBtion  as  to  which  rate 
of  fiow  through  these  tanks  giyes  the  best  results,  "With  the  intention 
of  obtaining  some  data  bearing  upon  this  subject,  e^cperiments  pre- 
Tiously  detailed  were  in^^tituted  with  three  tanks,  similar  in  every 
respect,  through  which  sewage  was  passed  at  rates  which  would  fill 
the  tanks  in  twelve,  twenty- four,  and  forty-eight  hours.  Theao  ex- 
periments have  not  been  in  progress  for  a  sufficient  length  of  time  to 
allow  of  any  definite  stat^'ment  being  made ;  but  so  far,  it  would  seem 
as  if  any  increase  of  flow  above  what  is  siafflcient  to  fill  tho  tank  in 
twenty- four  hours  is  attended  with  a  corresponding  decrease  in  the 
quality  of  tho  cffiuont,  whilst  a  reduction  of  speed  to  the  forty-eight 
hours'  rate  gives  vei-y  little  advantage.  If  the  flow  is  increased  too 
much  the  tank  will  become  filled  with  sludge  before  septic  action  is 
produced. 

Table  XXXII. 

Avemr^e  qf  AnuiyBm  refermig  to  ike  Efeet  o/DfJfereni  Rates 
of  Flmc  through  Open  Sepiie  Tanks, 


Gh*jss  rnn  Gittox.                             ^  llSIf^ 

Flow, 

48  bOTttl' 

HtfW. 

Total  Solida  in  ©ffluont , , , 

88-0 

78-2 
115 

1-50 

4^37 

78-6 

10-9 

Free  Ammonia    ,,..,*, 

Alb,        , 

Chtygen  absorbed  (Ihrt.,  80*' F.)   

141 

6^71 

1-55 
■377 
4-27 
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It  has  previouslj-  been  stated  that  sulphide  of  iron  is  present  in  the 
effluent  from  the  Leeds  septic  tanks,  and  this  would  lead  to  the  suppo- 
sition that  a  large  amount  of  iron  is  precipitated  in  the  tanks  and 
remains  there.  Analysis  shows,  however,  that  onl)-  30  per  cent,  of 
the  iron  in  the  sewage  remains  behind,  whilst  effluents  have  been 
obtained  in  which  as  much  as  40  per  cent,  of  the  tottil  iron  is  in 
solution. 

Briefly,  the  advantages  found  in  tlio  use  of  septic  tanks  were : — 

1.  The  production  of  a  practically  uniform  effluent  from  sewage  of 

such  varying  composition  as  that  of  Leeds. 

2.  The  digestion  of  pai't  of  the  solids  in  suspension,  which  at  Leeds 

amounted  to  about  40  per  cent,  of  those  originally  in  the 
sewage. 

3.  The  anaerobic  putrefaction  which  takes  place  in  the  septic  tank 

facilitates  subsequent  filtration,  rendering  the  filtrate  less  liable 
to  secondarj'  putrefaction. 

Whittaker  Beds. 

Councillor  Whittaker,  the  chairman  of  the  Accrington  Sewage  Com- 
mittee, having  brought  under  the  notice  of  the  Leeds  Committee  the 
advantages  of  continuous  filtration  following  on  septic  treatment,  a 
bed  on  his  system  was  constructed  for  experimental  purposes  at 
Knostrop. 

The  bed  is  circular,  and  not  having  to  stand  any  pressure  of  water 
is  merely  surrounded  with  wood  laths  kept  together  by  iron  bands. 
Within  this  light  screen  the  clinker  is  piled  up.  The  bottom  consists 
of  a  circular  layer  of  concrete,  having  an  18-inch  collecting  drain 
running  along  one  diameter,  and  which  has  a  fall  of  1  in  45.  This 
drain  forms  the  main  carrier  for  the  filtrate,  and  is  perforated  on  the 
half  with  small  holes,  and  with  larger  holes  in  the  sides  into  which 
9-inch  pipes  run,  having  a  fall  of  1  in  22  to  the  larger  pipe.  These 
smaller  pipes  are  also  perforated  half  round  with  small  holes.  Between 
these  pipes  cement  is  placed  to  the  level  of  the  lowest  perforations,  so 
as  to  prevent  the  stagnation  of  the  filtrate. 

A  manhole  rises  vertically  from  the  centre  of  the  bed,  having  a 
diameter  of  6  ft.  and  a  height  of  10  ft.  6  in.,  formed  of  open  brick- 
work. 

The  clinker  was  between  3  in.  and  1  in.,  except  around  the  manhole 
and  the  extreme  circumference,  where  a  layer  of  very  coarse  clinker  is 
placed. 

Effluent  obtained  from  the  No.  1  open  septic  tank  was  pumped  by 
means  of  a  pulsometer  to  the  Whittaker  rotating  sprinkler,  and  by  it 
distributed  in  a  shower  over  the  whole  surface. 
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The  bed  was  started  on  9tK  Ifarcli,  18&9,  at  tK©  rate  fiiiggested  by 
Mr.  Whittaker,  of  100,000  gallons  p(?r  twenty-four  hoarse  »,<•,,  at  the 
rate  of  3,000^000  gallons  per  acre  ptsr  twenty-four  hours.  The  Brat 
filtrates  were  exceedtiigly  bright  and  clear,  due  no  doubt  to  tha 
fiUisipended  solids  being-  at  first  retoinod  by  tho  bed,  but  the  filtrate 
gmdually  became  turbid.  As  the  turbidity  increased  the  analyses  also 
gave  worse  results,  e,g^  t  the  arerage  of  tho  analyses  on  9th  and 
12th  Marchi  1899,  was  -^lo  Alb.  NHa  and  "97  oxygen  absorbed.  As 
oolids  began  to  work  out  of  the  filter  the  results  became  worse,  until 
on  2$th  March  the  analyses,  including  the  solids  in  suspension,  gave 
•246  Alb.  NHj,  and  1'66  oxygen  absorbed. 

On  24 til  March  the  top  layer  of  the  Elter  was  covered  with  a  deposit 
of  iron,  and  the  bed  bt^gan  to  show  signs  of  surfaoo  clogging,  poola  of 
water  being  formed  upon  it.  On  4th  April,  1899,  the  number  of  pools 
ha*!  increased  ao  that  the  sewage  began  to  run  down  the  centre  man- 
hole and  the  aidea.  The  flow  was  therefore  reducml  to  33,000  gallons 
per  day,  in  order  to  eee  if  thiii  reduced  quantity  could  be  taken  in. 
No  improvement  arising,  two  of  the  four  arms  of  the  sprinkler  were 
stopped  in  order  to  make  the  sprinkling  more  intermittent.  But  still 
the  effluent  gathered  in  poob  on  the  i:furface»  though  the  reduced  work 
given  to  the  filter  gave  improved  results :  on  9tb  April,  *102  Alb,  NHg 
and  ^337  oxygen  absorbed. 

The  bed  was  now  allowed  to  rest  from  13th  April  to  17th  April, 
1899.  Thia  rest  allowed  the  surface  to  drain  dry,  but  did  not  prevent 
ihe  liquid  pooling  upon  the  surface  on  re-starting  the  bed.  The 
filtrato  obtained  on  the  1 7th  was  very  good,  ci>ntaining  '77  nitrogen 
as  nitrates ;  but  from  that  date  decreased  in  quality  until  8th  May, 
1899,  when  it  contained  *26  Alb,  NHe  and  '776  oxygen  absorbedi 
whilst  only  a  trace  of  nitrates  was  present. 

The  falling- off  in  the  results  was  due  to  the  surface  being  covered 
with  an  abundant  gelatinous  mycelium-like  growth  (Pylobolusj^  which 
prevented  the  effective  aeration  of  the  filter. 

On  Stb  May  the  surfaco  was  removed  to  a  depth  of  one  foot  in  order 
to  expose  a  new  surface,  it  having  been  noticed  that  the  growth  did 
not  extend  to  more  than  a  few  inches.  On  re -starting  on  9tb  May, 
1899,  the  filtrates  were  very  clear  and  good,  and  continued  so  until 
18th  May,  when,  owing  to  the  surface  again  clogging,  the  results 
again  became  imsatisfaotory :  e.^,,  Alb.  NHj,  =  '19:  oxygen  ab- 
sorbed ^  '842. 

On  2Qth  May,  1899,  the  bed  was  stopped  and  allowed  to  rest  until 
24 tb  May,  This  re&t  only  produced  a  slight  improvement  in  tbo 
filtrate,  and  very  little  alteration  to  the  surface  elogging, 

Mr.  Wbittaker*s  idea  was  that  beating  of  the  sewage  as  it  goes  upon 
the  bed  wan  not  only  valuable  at  all  times,  but  absolutely  essential  m 
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cold  weather,  and  that  it  was  within  practicable  limits  of  cost,  because 
he  claimed  to  require  a  greatly  reduced  area  of  filter  with  heated 
sewage.  The  condensed  steam  of  the  pulsometer,  mixing  with  the 
sewage,  increased  its  temperature,  and  at  Mr.  Whittaker's  desire 
steam  was,  in  addition,  directly  injected.  It  was  found  that  this  in- 
creased the  temperature  of  the  septic  effluent  from  59  degrees,  at 
which  it  left  the  tank,  to  72*5.  It  was  considered  quite  too  costly  to 
do  this  on  a  large  scale,  and  as  the  growth  on  the  surface  of  the  bed 
appeared  to  be  promoted  by  the  heated  effluent,  the  use  of  injected 
steam  was  discontinued,  and  it  was  found  that  by  the  pulsometer 
alone  the  heat  of  the  septic  effluent  put  on  the  bed  was  raised  from 
69  degrees  to  67  degree  ?- -about  8  degrees.  This  is  not  necessary 
during  the  warmer  months ;  but  with  an  unroofed  open  bed,  worked 
on  the  continuous  principle,  there  may  be  difficulty  in  winter  weather. 

On  30th  May  the  process  was  stopped,  and  the  bed  allowed  to  rest 
until  13th  June,  1899,  when  it  was  re-started  at  a  rate  of  50,000 
gallons  (I'.f.,  1,500,000  g;illons  per  acre)  per  twenty-four  hours.  The 
filtrates  first  obtained  were  very  clear  and  good  (Alb.  NH3  =  '08 ; 
oxygen  absorbed  =  '344),  whilst  a  large  amount  of  nitrates  had  been 
produced  during  this  rest,  as  was  evinced  by  the  fact  that  the  average 
sample  for  14th  June  contained  3*5  grains  per  gallon  of  nitrogen  as 
nitrates.  The  surface  of  the  bed  remained  perfectly  free  from  clogging 
until  June  18th,  and  on  June  26th,  1899,  it  became  necessary  to  fork 
the  surface.  It  was  noticeable  that  this  forking,  by  opening  out  the 
surface  and  the  better  aeration  of  the  bed,  caused  better  filtrates  to  be 
produced.  The  improveniont  continued  until  the  surface  of  the  bed 
ngain  became  clogged.  It  wiis  therefore  evident  that  for  the  produc- 
tion of  good  effluents  it  was  necessary  to  keep  the  surface  open.        ^ 

As  the  clogging  was  due  to  a  vegetable  growth,  which  did  not  pene- 
trate into  the  bed  more  than  a  few  inches,  it  was  decided  to  cover 
the  surface  of  the  bed,  after  thoroughly  forking,  with  a  layer  of  one 
foot  in  thickness  of  exceedingly  coarse  coke,  which  it  was  thought  the 
growth  would  not  choke.  This  was  done  on  July  10th,  1899.  A  great 
improvement  in  the  quality  of  the  filtrates  was  produced,  as  shown  by 
the  great  increase  of  nitrates,  e.^r.,  on  July  8th  the  nitrogen  present  as 
nitrates  was  '49,  and  on  July  13th  '756.  The  filtrate  continued  to  be 
clear  from  July  10th  to  July  30th;  but  from  the  latter  date,  largo 
quantities  of  brown  suspended  matters  came  out  fi'om  the  bed  causing 
the  values  obtained  from  the  Alb.  Nil 3  and  oxygen  absorbed  tests  to 
rise  considerably.  The  free  NH3,  however,  remained  very  low  (about 
•2),  whilst  the  N  as  nitrates  remained  over  '7  grain  per  gallon,  show- 
ing that  the  aeration  of  the  bed  was  not  being  interfered  with.  The 
coming  through  of  these  solids  in  suspension  in  the  filtrate  was  at  first 
very  disappointing,  and  was  looked  upon  as  condemning  the  system. 
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Further  expeiiencei  howoirert  has  shown  that  a  largo  part  of  these 
solids  are  inredQcible,  and  therefore,  if  thoy  do  not  come  out»  but  stay 
behind  in  the  filter^  thoy  must  noceBsnrilj  choke  it  up.  They  were 
soon  found  to  he  non-putrescible  ajid  to  he  readily  settled, 

On  October  Srd^  1899,  the  surface  being  again  clogged,  notwith^ 
standing  the  fact  that  it  consisted  of  coar&e  coke^  the  bed  was  allowed 
to  i-est  for  twenty* four  hoiir«.  This  produced  no  change,  and  there- 
fore, from  October  4th  to  October  llth,  1899,  the  bed  waa  allowed  a 
further  rest.  This  rest  not  producing  any  appreciable  result,  the 
whole  suxfaco  was  thoroughly  forked  oyer. 

On  December  20th,  1*^99,  tlie  flow  was  further  reduced  to  250 
gallons  per  square  yard,  i.e.,  to  1*250,000  gallons  per  acre,  this  being 
the  slowest  rate  at  which  the  sprinkler  could  be  kept  rotatingv 

During  the  winter  of  1899—1900  there  were  two  seTere  periods  of 
sharp  fixjpit,  from  December  9th  to  December  LifJth,  1899,  and  from 
February  2nd  to  Februai-y  15th,  1900.  During  both  of  the^e  periods, 
although  the  outs^ide  of  Uie  bod  w^an  covered  with  icicles,  it  was  found 
that  the  puiification  was  not  materially  affected,  because  by  the  action 
of  the  pulaometer  pump  the  tcmperaturo  of  the  effluent  going  on  to 
the  bed  was  kept  a  few  degrees  aboye  that  of  the  iewage. 
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Towards  the  beginning  of  April,  1900,  the  appearance  ol  the  filtrate 
greatly  deteriorated.  The  suspended  solids  were  dark  coloured,  and  the 
eupematant  liquid  obtained  after  settUng  them  out  was  opalesccnti 
and  sometimes  threw  down  a  buff -coloured  precipitate  similar  to  that 
from  the  contact-bed  filb-ates.  This  was  caused  by  the  accumulations 
of  solids  in  the  filter  preventing  the  efficient  nferation  of  the  bed,  and 
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also  causing  unequal  distribution  of  tlie  liquid  throughout  the  filtering 
material.  This  choking  up  of  the  interior  of  the  filter  caused  some  of 
the  liquid  to  nm  down  the  outside  of  the  filter,  and  also  down  the  man- 
hole. The  filter  was  therefore  allowed  to  rest  for  ten  days.  On  re- 
starting the  filtrate  was  again  good,  and  remained  so  until  May  1st, 
when  signs  of  deterioration  became  apparent  at  the  name  time  as 
leakage  on  the  nidos.  On  May  12th  the  bed  was  stopped,  pending  ex- 
periments in  washing  out  the  bed,  which  have  not  yet  been  carried 
out,  and  it  is  feared  that  the  material  which  was  used  for  this  bed  was 
too  fine. 


Table  XXXIV. 

Average  of  Analyses  referring  to  Period  from  March  9fh, 
1899,  to  Mag  8W,  1900. 
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*  AnalTsis  made  after  rough  settlement  of  siupended  solids. 
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ThefoUoicing  Table  is  the  Average  of  a  Number  of  Compatvtive 
Analyses  made  upon  the  Filtrate  from  the  Wliittaker  Bed^ 
No,  1,  tcith  and  without  Suspended  Solids. 
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In  Tiaw  <it  the  fact  of  the  suspended  solida  Vemg  uon-patrescent  in 
clianicteri  the  following  analyais  may  be  of  inter  eat.  The  sludge  pro- 
duced by  the  settlemeut  of  the  filtrate  wajs  washed,  and  as  fiir  as  poB- 
eible  freed  from  the  larger  Hying  organisms,  euch  as  worms,  lairce : — 


Loas  on  ignition 
Forrio  oxide     *        .        .        . 
Silica  and  matter  insoluble  m  add 
Other  mineral  matters     ,        , 


,  ^  31*3  peroeEt 
=  3P3 

=  18-9        „ 
=  18*5        „ 
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The  filtering  material  of  No*  1  WHttaker  bed  ha\dng  been  found  to 
be  too  fine  in  character,  it  was  decided  to  build  a  smaller  bed  and  to 
fill  it  with  very  eoarse  coke. 

The  coui^truction  of  this  No.  2  bed  was  as  follows :  Rows  of  semi- 
circular perforat^jd  tiles,  haring  a  dbmeter  of  IS  in*,  are  plac^  edge 
to  edge,  and  raised  above  a  slight  inclined  plane  of  concrete  by  means 
of  small  brick  columns,  so  that  there  is  a  clear  air-space  between  the 
tiles  and  the  concrete  floor.  Upou  the  floor  thus  constructed  is  built 
an  octagonal  pigeoa-holed  wall,  and  the  space  within  this  wall  is  filled 
in  with  coarse  coke ;  first,  to  a  depth  of  one  foot  above  the  pipes  by 
coke  not  less  than  2  inches  in  diameter,  and  the  rest  of  the  bed  is 
then  filled  with  coko  of  not  less  than  1 J  inches  diameter.  Altogether, 
there  are  9  feet  in  depth  of  coke. 

The  septie  tank  eHluent  is  distribnted  oyer  the  sixrfaee  by  a  Whit- 
taker  sprinkler,  and  the  filtmte  is  colleeted  by  a  channel  running 
round  the  concrete  floor. 

The  rate  of  filtration  was  1,000,000  gallons  per  aero  (/,f.,  200  gallons 
per  Bnuare  3"ard)  per  twenty-fonr  hours,  working  night  and  day. 

The  bed  was  started  on  2nd  September,  1899.  Tlie  firet  filtrates  ob- 
tained were  exceedingly  clear  but  putrescent,  showing  that  though 
solids  in  suspension  were  being  kept  back,  bacterial  action  was  not 
yet  developed.  This  continued  until  19th  September,  when  the  filtrate 
became  turbid  from  the  large  quantity  of  suspended  solids  coming  out 
from  the  coarse  coke  \  but,  nevertheless,  nitrates  were  present,  and  the 
filtrates  were  non -putrescent  in  character. 

Since  then  the  filtrates  have  remained  turbid,  but  non-putreaeent, 
and  no  change  has  been  made  to  the  bed  itself  until  7th  April,  1900, 
when  the  coke  upon  the  surface,  which  had  disintegrated  isomewhat, 
was  renewed. 
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Work  was  continued  night  and  day,  till  towards  tho  middle  of  May, 
1900,  the  quality  of  the  filtrate  obtained  deteriorated.  This  was  con- 
sidered to  be  due  to  the  accumulation  of  solid  matter  in  the  filter 
interfering  with  effective  aeration,  and  also  to  some  extent  causing 
the  liquid  to  be  unequally  distributed  throughout  tho  bed.  The  sur- 
face of  the  bed  was  also  clogged  to  a  small  extent  by  the  usual 
growth. 

On  23rd  May,  1900,  an  interesting  experiment  was  made  to  see  if 
the  matter  on  the  surface  and  the  accumulations  within  the  bed  could 
be  washed  out.  It  had  often  been  noticed  that  if  for  any  purpose  the 
arms  of  the  sprinkler  were  held  from  rotating,  then  within  a  few 
minutes  the  filtrate  became  very  turbid,  with  an  excess  of  solid  matter 
coming  out.  This  was  due  to  sending  the  whole  volume,  which, 
during  the  rotation  of  the  arms,  is  distributed  over  the  whole  sur- 
face, through  only  a  small  part  of  it,  and  so  increasing  tenfold  tho 
flow  through  that  part. 

This  suggested  that,  with  a  coarse  bed  like  this  No.  2,  the  bod  could 
be  washed  out.  Accordingly,  a  three-inch  hose,  with  town's  water, 
was  turned  on  one  square  yard  of  the  bed,  and  successively  over  the 
whole  surface.  Tho  bulk  of  the  accumulated  solids  came  out  in  the 
first  three  minutes,  during  which  the  filtrate  was  exceedingly  turbid, 
a  test-tube  with  ten  inches  in  it  settling  down  three  inches  of  sludge. 
After  the  first  few  minutes  the  number  of  solids  coming  through 
rapidly  diminished.  With  these  washed-out  solids  came  out  an  im- 
mense number  of  cyclops,  larvje,  &c.  The  sludge  was  found  only 
slightly  putrescent,  although  it  would  necessarily  contain  organic 
matter  in  process  of  transition.  No  doubt,  if  tho  experiment  had  been 
made  after  a  rest  of  one  or  two  days,  the  sludge  would  have  been  as 
little  putrescent  as  that  which  comes  out  in  the  normal  flow.  The 
filtrates  obtained  immediately  after  tliis  washing-out  experiment  were 
good,  but  soon  afterwards  became  worse,  although  they  remained  non- 
putrescent.  These  bad  filtrates  continued  to  the  middle  of  June, 
when  they  again  improved,  the  nitrification  being  exceedingly  good, 
viz.,  1*31  grains  per  gallon  of  nitrogen  as  nitrates. 

During  the  winter  of  1899 — 1900  two  periods  of  keen  frost  were  ex- 
perienced. Although  on  both  of  these  occasions  the  bed  was  covered 
with  ice,  and  the  semi-circular  pipes  at  the  bottom  of  the  bed  were 
filled  with  large  icicles,  the  purification  was  not  materially  interfered 
with. 
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Table  XXXVII. 


Average  of  Analyses  refernng  to  Period  from  September  2nd, 
1899,  to  June  30th,  1900. 
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♦  Analysed  after  the  rough  settlement  of  suspended  solids  taken  from 
October  23rd,  1899,  to  June  30th,  1900. 
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Table  XXXVIII. 

Thefolloicing  Table  is  the  Average  of  a  Number  of  Comparative 
Analyses  made  upon  the  Filtrate  from  Whittaker  Bedj  No.  2, 
mth  and  icithout  Suspended  Solids. 
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General  Observations  on  Continuous  Filtration. 

These  experiments  in  continuous  filtration  by  spreading  sewage  like 
rain  upon  a  sui-face  of  coarse  coke,  well  aerated  at  the  bottom  and 
sides,  were  interesting  and  important,  and  showed  that  in  so  short  a 
time  as  the  fifteen  minutes  required  to  pass  through  the  bed,  remark- 
able changes  took  place.  It  is  true  that  to  the  eye  the  filtrate  looks 
anything  but  satisfactory,  but  on  holding  it  up  to  the  light  in  a  glass 
tube  the  turbidity  is  seen  to  be  duo,  not  to  discolouration  of  the  liquid, 
but  to  the  presence  of  suspended  solids,  which  soon  settle  down, 
leaving  the  liquid  clear  above.  These  solids  are  found  to  be  absolutely 
non-putrcRcent,  and,  about  half  of  them  being  fcnic  oxide  and  silica, 
are  not  further  reducible  by  bacterial  action,  and  if  they  do  not  come 
out  must  choke  the  bed.  They  involve,  after  filtration,  a  settling 
tank,  the  sludge  from  which  would,  for  Leeds  septic  effluent,  with  an 
average  of  13  grains  suspended  solids,  be  equivalent  to  six  tons  of 
sludge  per  million  gallons.  It  dries  readily,  without  giving  rise  to 
any  nuisance.  The  final  filtrate,  taking  results  over  the  whole  period 
of  working  No.  2  bod,  gives  on  analysis  -079  per  gallon  of  albuminoid 
ammonia  and  '59  per  gallon  of  oxygen  absorbed.  This  means  a  puri- 
fication by  the  filtration  of  about  83  per  cent,  on  the  septic  effluent  put 
on  to  the  bed,  and  a  total  purification  by  the  septic  tank  and  the  filter 
of  92  per  cent,  on  the  crude  sewage. 

It  is  not  suggested  as  practicable  that  continuous  filters  can  bo 
washed  out  by  turning  on  a  hose  or  town's  water,  nor  is  it  desirable  to 
so  far  wash  out  the  bed  as  to  wash  out  the  bacterial  life.  The  wash- 
ing-out would  be  conveniently  and  automatically  accomplished  by  in- 
creased flow  during  rain.  Thus,  if  the  normal  flow  of  one  million 
gallons  per  acre  gave  good  results,  and  while  bringing  out  solids  in 
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BUapenaiOEL  which  muufc  be  afterwards  settlDd,  yet  loft  behind  eome 
accumulation^  thid  would  l>e  washed  out  as  soon  a«  the  fiow  increaaed. 
Increasing  the  (low  to  throe  Tohiines  will  not  damage  the  filter, 
though  no  doubt  during  sucli  incTtas<Ml  flow  the  degree  of  purification 
Tould  not  be  so  good. 

The  Whittaker  sprinkler  was  not  found  TOiy  efficient,  nnd  required 
frcKiuent  attention  and  clciioing  of  the  holes.  There  is  room  for  much 
improvement  in  distributurs^ 

It  ta  proposed  to  try  an  experiment  mth  oontiniioua  filtration  on  a 
ooarse  bed,  well  roofed  in  to  conserve  the  heat  in  the  sewage,  Th© 
artificial  heatmg  proposed  by  Mr.  Whittaker,  it  ii  fearedi  wiU  prove 
too  costly  on  a  large  ecaiei 


Continuous  Filtration  of  Crude  Sewage. 

In  previous  pages  wo  have  dealt  with  the  double  contact  filtration 
of  crude,  screenodj  and  settled  sewage,  and  ako  with  tho  continnons 
and  contact  filtration  of  sc]>tic  effluent. 

It  was  desired  to  investigate  th©  possibilities  of  dealing  by  con- 
tinuoUB  filtriition  with  more  or  \q^  crude  fee  wage.  For  this  purpose 
three  small  expeiimenlal  hods  were  used,  whieh  had  heen  constructed 
for  use  as  triple  contact  beds,  hut  had  not  been  put  to  work  for  that 
purpose.  These  bedi^  were  a  littLn  over  1 2  ft.  equai-e,  and  had  an  area 
of  17  square  yards  and  a  depth  of  4  ft.  The  first  of  these  was  filled 
with  the  coarsest  coke  available,  the  second  with  coke  to  fjbout  1  in. 
and  1 J  in*  in  sisje,  and  the  third  with  «maU  coke  about  g  in.  The  dxs^tri- 
bution  was  by  tipping  troughs^  and  the  sewago  used  was  the  crude 
sewage  after  passag^j  through  three  screens,  the  smallest  of  which  was 
37  per  inch*  The  first  of  those  ecreens,  which  had  |  in.  mesh,  kept 
back  small  pieces  of  paper,  niatchos,  &Cp,  and  the  second  and  third 
screens  kept  back  tnost  of  the  fibro,  but  all  the  finely  divided  sohds  in 
suspension  passed  on  to  the  beds.  Thy  keeping  back  of  matter  by  the 
screens,  although  it  greatly  facilitated  tho  work,  did  not  remove  any 
im|>ortant  proportion  of  the  solids  in  susponfrion,  the  matters  renmved 
being  those  which  usually  do  not  come  into  tho  analysis,  as  jiapor, 
matches,  fibre,  &c. 

The  first  filtrates  from  the  fine  bed  were  very  dear,  the  siL^pended 
matter  being  at  first  entirely  kept  back  by  the  coke  ;  but  after  a  few 
weeks  the  sohds  begtm  to  work  through^  and  the  fUtrato  became  eome- 
whtit  turbid,  though  giving  fair  analytical  results  when  the  solids  had 
been  settled.  Trouble,  however,  arose  in  two  directions,  first  by  the 
development  of  a  growth  in  the  upper  jjart  of  the  coarse  bed,  and 
secondly  by  the  pooling  of  the  sewage  on  the  surface  of  the  finest  bed. 

It  was  fioon  found  ioipracticable  to  go  on  dealing  with  crude  sewage 
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oyer  fine  coke,  even  after  passing  over  beds  Nos.  1  and  2  filled  with 
coarse  coke. 

These  experiments  were  therefore  stopped,  the  material  taken  out  of 
No.  2  and  3  beds,  which  were  then  refilled  with  very  coarse  coke, 
li  in.  and  upwards.  When  this  was  done  semi-circular  perforated 
drain  pipes,  9  in.  in  diameter,  were  placed  in  the  bottom  of  each  bed, 
thus  reducing  the  coke  depth  in  each  case,  but  securing  more  effective 
aeration. 

For  the  tipping  troughs  on  No.  1  bod  a  Candy  sprinkler  was  sub- 
stituted. This  sprinkler  has  two  arms  and  works  intermittently, 
sewage  passing  for  one  minute,  followed  by  three  minutes*  rest.  This 
intormittence,  in  sprinkling,  was  in  some  respects  a  disadvantage  in 
connection  with  such  coarse  mateiial,  for  the  sewage  passed  through 
the  beds  in  rushes.  On  the  other  hand  the  intormittence  probably 
proved  useful  in  improving  the  aeration  of  the  first  bed. 

This  second  experiment  was  started  on  26th  March,  1900,  at  a  rate 
of  flow  of  750,000  gallons  per  acre,  that  is  150  gallons  per  square  yard 
per  day. 

It  will  be  understood,  therefore,  that  this  continuous  filti-ation 
was  over  three  l>eds  of  the  coarsest  coke :  the  first  3  ft.  6  in.,  and  the 
second  and  third  about  2  ft.  6  in.  each  in  depth ;  and  no  doubt  it  would 
have  been  much  better  to  have  had  this  8  ft.  6  in.  of  coke  all  in  one 
column,  with  a  single  distributor. 

The  sewage  took  only  a  quarter  of  an  hour  to  pass  through  the  three 
beds,  and  the  first  results  were  very  unsatisfactory  with  a  total  purifi- 
cation of  about  50  per  cent.  only.  The  filtrates  gradually  improved 
until  in  about  three  weeks  the  bed  had  got  into  condition,  but  shortly 
after  this  solids  began  to  work  through  and  made  the  filtrates  turbid. 
This  was  the  same  result  which  had  been  noticed  on  the  Whittaker 
beds;  that  the  solids  in  suspension  wei-e  at  first  kept  back,  but 
gradually  worked  their  way  down  through  the  filter  until  they  began 
to  come  out  with  the  effluent.  These  solids  were  found,  however,  on 
coming  out,  to  be  different  in  character  to  what  they  were  on  going  in. 
They  settled  more  readily,  and  were  very  slightly  putrescible. 

When  these  solids  had  been  settled  from  the  final  filtrate,  good 
analytical  results  were  obtained,  namely :  '099  Alb.  NH3  and  '667 
oxygen  absorbed  per  gallon. 

This  result,  in  view  of  the  shoi-t  time  taken  by  the  sewage  in  passing 
over  this  very  coarse  coke,  was  certainly  remarkable,  but  it  will  bo 
seen  that  the  process  would  require  to  be  followed  by  a  settling  tank. 
The  solids  so  settled  would  probably  be  found  similar  in  character  to 
those  experimented  with  in  the  case  of  the  Whittaker  bed,  and  give 
rise  to  no  nuisance  in  the  drying  of  the  sludge. 
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The  growth  on  the  top  of  No.  1  bed  has  not  up  to  the  present  caused 
any  inconvenience. 

The  following  table  gives  the  average  of  the  analyses  since  the 
starting  of  the  experiment,  and  including  the  early  bad  filtrates.  It 
will  be  seen  that  these  analyses,  although  including  the  solids  in 
suspension,  show  a  purification  of  71  per  cent,  on  the  crude  sewage 
measured  by  the  Alb.  NHg,  and  78  per  cent,  measured  by  the  oxygen 
absorbed ;  but  recent  analyses  made  from  the  settled  filtrate  show  a 
purification  of  90  per  cent,  as  measured  by  the  Alb.  NHg,  and  92  per 
cent,  as  measured  by  oxygen  absorbed,  and  nitrates  '3. 

Table  XXXIX. 

Average  of  Analyses  referring  to  Period  from  March  2%th  to 
June  30^A,  1900.  Analyses  are  inclusive  of  all  Suspe^ided 
Solids. 


Oraiks  pbb  Gallon. 

Total 
SoUdB. 

Sui- 
pended 
SoUdB. 

Free. 
NH,. 

Alb. 
NH,. 

A^SSS 

Nitrogen 
Nitntes. 

123-2 
87-6 
74-0 
71-7 

44-2 

19-2 

7-9 

7-7 
82  X 

2-36 
1-58 
M5 

•828 
64  X 

104 
•699 
•430 
•297 

nx 

8-90 
4-37 
2-78 
1-93 

78  X 

FUtrate  from  Ist  Bed 

2nd    „  

3rd    , 

Percentage  Purification  .... 
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It  was  noticed  that  the  solids  in  suspension  coming  out  with  the 
filtrate  were  verj'  irregular  in  quantity,  as  if  they  wore  washed  out  in 
occasional  rushes. 

This  interesting  experiment  has  not  been  carried  on  long  enough  to 
enable  any  definite  conclusions  to  be  come  to ;  but,  so  far  as  it  goes, 
it  shows  that  it  would  be  possible,  after  screening  off  the  coarser 
solids  and  the  fibre,  to  deal  with  crude  sewage  by  continuous  filtration 
over  yery  coarse  material  in  such  a  way  as  to  bring  out  the  undigested 
solids,  and  to  guarantee  that  the  beds  would  not  choke  up.  From  the 
irregularity  in  the  amount  of  solids  coming  out,  it  is  evident  that  by 
increasing  the  flow  the  beds  can  be  readily  washed  out. 

No  doubt  with  a  somewhat  increased  depth  of  coke,  and  improved 
construction,  the  solids  coming  out  could  be  obtained  in  an  entirely 
non-putrescent  condition, 


Leeds.  185 

As  eyidences  of  the  aeration  obtained  in  this  process,  it  may  be 
mentioned  that  on  the  wet  surface  of  the  third  bed  green  confervoid 
growths  have  recently  appeared. 

One  curious  thing  was  noticed,  that  when  the  sewage  put  upon  the 
beds  was  very  considerably  darkened  by  dye,  the  colour  was  com- 
pletely taken  out  in  the  final  filtrate,  and  indeed  the  greater  part  of 
the  colour  had  disappeared  from  the  filtrate  in  the  first  bed. 

The  experiment  is  being  continued,  and  is  thought  to  be  sufficiently 
promising  to  make  it  worth  while  to  make  a  new  "Leeds"  bed  on 
these  lines  in  one  column  with  12  feet  of  coke,  with  other  modifi- 
cations. 

Duoat  Filter. 

An  experiment  has  recently  been  started  in  the  continuous  filtra- 
tion of  crude  sewage  on  a  filter  constructed  on  lines  suggested  by 
CJolonel  Ducat,  of  London.  This  filter  has  an  area  of  iJoth  of  an  acre 
(48*4  square  yards)  and  a  depth  of  10  feet.  The  material  used  being 
clinker  three-eighths  inch  to  five-eighths  inch.  The  sides  of  the  bed 
are  built,  not  of  brick,  but  of  drain  pipes,  12  inches  long  and  b\  inches 
external  diameter.  This  construction  secures  the  complete  exposure 
of  the  sides  of  the  filter  to  the  air.  Outside  this  perforated  wall  is  a 
second  wall,  distant  from  it  about  three  feet,  and  built  of  solid  brick- 
work for  the  purpose  of  keeping  in  the  heat,  and  it  carries  a  roof 
covered  with  thatch.  The  bottom  of  the  bed  has  six  perforated  brick 
channels  connected  with  the  outer  air,  through  which  j)ass  cast-iron 
hot-water  pipes  connected  with  an  external  boiler,  intended  to  supply 
artificial  heat  during  cold  weather.  The  crude  sewage  was  raised  to 
the  level  of  the  bed  by  means  of  a  Tangye  pump,  and  passed  through 
a  three-sixteenths  inch  screen  and  a  small  grit  chamber.  The  dis- 
tribution of  the  sewage  was  by  means  of  tipping  troughs.  This 
construction  is  prohibitively  costly. 

The  bed  was  started  on  29th  March,  1900,  working  alternate  hours 
for  ten  hours,  and  resting  for  fourteen,  the  rate  of  flow  while  working 
being  200  gallons  per  square  yard.  The  filtrate  on  6th  April  was 
exceedingly  clear  and  bright,  suspended  solids  being  retained  in  the 
bed.  On  14th  April  the  bed  was  worked  for  ten  hours  continuously, 
with  fourteen  hours'  rest.  This  change  immediately  caused  the  filtrate 
to  become  opalescent,  but  after  a  day's  working  it  again  cleared.  On 
16th  April  the  surface  showed  signs  of  choking,  and  small  pools  began 
to  form.  On  26th  April  the  whole  surface  was  practically  covered 
with  stagnant  sewage ;  the  filtrate  steadily  deteriorated,  and  at  the 
same  time  a  grey  filamentous  growth  began  to  appear  in  one  outlet 
basin,  very  similar  in  character  to  that  found  on  the  surface  of  the 
Whittaker  beds. 
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The  unsatisfactory  cliaracter  of  the  effluent  led,  on  27th  April,  to 
reducing  the  work  to  alternate  hours'  work  for  ten  hours,  with  fourteen 
hours*  complete  rest.  The  change  produced  no  alteration  for  the 
better,  and  on  30th  April,  1900,  the  process  was  temporarily  stopped. 

It  was  found  that  practically  all  of  the  suspended  matters  had  been 
arrested  upon  the  surface,  and,  by  preyenting  the  efficient  aeration  of 
the  filter,  had  produced  the  bad  filtrates. 

During  the  whole  of  this  period  the  bed  was  warmed  by  means  of 
the  hot-water  apparatus,  the  temperature  of  the  filtrate  being  about 
10  deg.  Fahr.  higher  than  that  of  the  sewage. 

The  filter,  when  giving  the  best  results,  produced  a  purification  of 
90  per  cent,  in  albuminoid  ammonia,  and  93  per  cent,  in  oxygen 
absorbed  upon  the  sewage  sent  on  to  the  bed.  The  nitrogen  present  as 
nitrates  in  the  filtrates  also  reached  '56  grain  per  gallon. 


Table  XL. 

Average  of  Analyses  referring  to  Period  from  March  29th  to 
April  iOth,  1900. 


0 BAINS  PEB  OaLLOK. 

Total 
Solids. 

Sus- 
pended 
fck)Ud8. 

Free. 
NH3. 

Alb. 
NH3. 

(4  hrs., 

80*  F.). 

7-98 
•711 
91  X 

Nitrogen 

as 
Nitrates. 

Sewage 

129-7 
71-6 

53-7 
Nil. 

2-88 
1-00 

Go;; 

1-09 
•122 

88% 

Filtrate 

•313 

Percentage  Purification  .... 

It  was  thought  that  the  chief  cause  of  the  clogging  was  due  to  wool 
fibre  passing  the  screen  and  so  getting  on  to  the  bed.  To  obviate  this 
the  sewage,  before  going  on  to  the  bed,  was  now  sent  through  a  three- 
sixteenth  inch  screen,  and  then  through  a  layer  of  the  bed  material 
1  in.  in  thickness.  Before  restarting,  the  choked  surface  was  re- 
moved to  a  depth  of  2  in.  and  replaced  by  now  material. 

The  bed  was  restarted  on  13th  June,  1900,  filtering  at  the  rate  of 
200  gallons  per  square  yard  for  alternate  hours  for  ten  hours,  followed 
by  fourteen  hours'  rest.  The  filtrate  at  first  was  opalescent,  but  this 
totally  disappeared  by  loth  June,  leaving  the  filtrate  exceedingly 
clear  and  bright. 

On  20th  June  the  bed  began  to  work  continuously  for  ten,  and  rest 
fourteen  hours.    This  increased  amount  of  work  caused  the  filtrate  to 
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become  opalescent,  but  this  bad  cleared  off  again  by  22nd  June.  Tbe 
filtrate  remained  clear  until  24tb  June,  wben  tbe  filter  was  put  to 
work  continuouply  througbout  tbe  twenty-four  bours.  Tbe  opalescence 
again  cleared  off,  leaving  tbe  filtrate  very  brigbt  and  clear.  Green 
growtb  also  began  to  appear  in  tbe  basin. 

During  tbis  period  tbe  bot- water  pipes  were  not  used.  Tbe  tempera- 
ture of  tbe  filtrate  was  on  tbe  average  about  4  deg.  Fabr.  lower  tban 
tbat  of  tbe  sewage.    Tbe  hesi  results  obtained  were  as  follows : — 


Table  XU. 

Average  of  Analyses  referring  to  Period  from  June  XZth  to 
July  7th,  1900. 


Obaists  per  Qallox. 

Total 
SoUds. 

pended 
SolidB. 

Free. 
NH,. 

Alb. 
NH,. 

A^S^ 

(4hra., 
80*' F.). 

Nitrogen 
Nitrates. 

Sewage 

127-9 
69-0 

69-4 
Tr. 
100  X 

2-79 

.  -166 

94  X 

1-07 
•043 
96  X 

9-90 
•241 

97  X 

Filtrate 

'848 

Percentage  Pnrification .... 

But  at  tbe  date  of  tbis  report,  after  less  tban  a  montb*s  work,  signs 
are  again  appearing  tbat  tbe  surface  is  becoming  cboked,  and  the 
filtrates  are  rapidly  fulling  off  in  quality. 

It  seems  quite  unlikely  tbat  tbe  crude  sewage  of  Leeds  can  be  dealt 
witb  on  ducb  fine  material ;  but  tbe  experiment  is  being  continued, 
and  f urtbor  ligbt  will  no  doubt  be  tbrown  upon  it. 
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Headers  are  referred — 


For  General  Observations  on  Intermittent  Filtration  (contact  beds), 

to  p.  156  et  seq. 
For  General  Observations  on  Septic  Tanks,  to  p.  110  et  seq. 
For  General  Observations  on  Continuous  Filtration,  to  p.  181  rf  seq. 
For  Becent  Experiments  in  Continuous  Filtration  of  Crude  Sewage, 

to  p.  182  et  $eq. 
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This  18  neoessaiily  an  interim  report,  and  no  doubt,  as  the  experi- 
ments are  continued,  fresh  light  will  be  thrown  on  this  interesting  and 
important  subject. 

The  Corporation  of  Leeds  has  just  purchased  a  large  estate  of 
1,890  acres  for  purposes  of  sewage  disposal,  and  several  years  will  be 
required  before  the  great  volume  of  the  sewage  of  the  city  and  its 
dilutions  can  be  conveyed  to  it. 

There  will  therefore  be  time  to  continue  the  experiments,  and  to 
settle  with  certainty  the  best  method  of  treatment  for  the  local 
conditions. 
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CHAPTER  X. 

THE  BACTERIAL  TREATMENT  OP  FACTORY  REFUSE. 

It  having  been  shown  that  bacteriological  action  is  fully 
equal  to  the  task  of  purifying  domestic  sewage  under  ordinary 
conditions,  it  remained  to  be  ascertained  whether  sewage 
containing  relatively  large  quantities  of  refuse  from  various 
manufactories  oould  be  treated  on  the  same  lines  with  equal 
success.  As  there  has  now  been  ample  opportunity  of  testing 
this  important  point,  I  am  able  to  give  for  the  information  of 
the  reader  the  outcome  of  the  work  done  in  this  direction. 

It  should  first  be  pointed  out  that  London  sewage,  upon 
which  the  whole  of  the  earlier  experiments  were  carried  out, 
contains  very  large  quantities  of  manufacturing  refuse  of  all 
kinds.  It  has  been  frequently  stated  that  up  to  quite 
recently  domestic  sewage  only  had  been  dealt  with,  and  that 
when  the  method  was  tried  in  manufacturing  towns  it  would 
probably  fail.  There  is,  of  course,  in  the  sewage  of  London  no 
such  preponderance  of  any  particular  kind  of  trade  refuse  as 
is  found  in  some  other  towns,  as,  for  instance,  the  iron  pickle 
liquor  in  Leeds  and  West  Bromwich,  the  refuse  from  the 
leather  dressers  at  Yeovil,  or  the  dye  liquors  in  some  of  the 
northern  towns ;  but  it  may  fairly  be  said  that,  whilst  the 
Sutton  experiments  were  made  with  a  purely  domestic, 
although  very  strong  sewage,  the  London,  Manchester,  and 
Leeds  results  were  obtained  from  sewages  containing  all 
manner  of  trade  refuse. 


192 


Treatment  of 


It  will  therefore  be  of  interest  to  Loetance  some  experi- 
ments made  with  bacteria  beds  upon  samples  of  actual  trade 
refuse  in  the  oondition  in  which  they  were  discharged  into 
the  sewer*  In  each  case  the  liquid  w^as  allowed  to  remain  in 
a  coarse  bed  for  two  hours,  and  following  this  in  a  fine  bed 
for  a  similar  period  of  time* 

Special  trials  made  on  refuse  liquor  from  tanneries^  mar- 
garine works,  galvanising  works,  gas  liquor,  milk  w^ashlngs, 
and  yeast  washings  showed  that  in  all  ca&es  a  very  con- 
siderable improvement  was  efieeted,  excepting  in  the  case 
of  the  gas  liquor,  w*hich  had  to  be  somewhat  diluted  before 
being  placed  in  the  beds.  The  resiJtant  effluents  contained 
no  suspended  solidji,  and  did  not  become  putrid  on  keeping. 

After  the  beds  bad  treated  the  iron  liquors  they  became 
charged  Tvith  ferrous  salt,  and  on  subsequently  passing  sewage 
through  them,  this  was  washed  out  and  appeared  in  the 
effluent,  thus  showing  that  the  action  of  the  bed  was  first  to 
store  np  the  iron^  especially  in  the  fine  bedj  and  then  to  yield 
it  up  againj  a  phenomenon  w^hich  has  been  frequently  illus- 
trated by  various  observers  in  the  case  of  ordinary  filtration. 
It  was  noticed,  however,  that  all  the  subsequent  filtrates  from 
this  particular  bed  were  water-white. 

It  will,  of  course^  be  understood  that  these  samples  are  only 
given  to  show  that  the  refuse  liquors  named  are  ameDable  to 
treatment  ou  bacteria  beds ;  the  effluent  so  produced  must 
not  in  any  way  be  taken  as  representative  of  what  is  required 
in  the  way  of  purification.  It  is,  however,  clear  that  if  so 
mnob  work  can  be  done  by  passage  through  two  beds,  the 
purification  can  be  extended  by  increasing  the  number  of 
times  of  submission  to  microbial  influences.  In  practice, 
concentrated  chemical  refuse  liquors  would  have  necessarily 
to  receive  special  treatment  in  order  to  fit  them  for  bacterial 
purification  j  excess  of  acid  or  alkali  must  be  corrected ;  iron, 
if  present  in  lai^ge  quantities,  removed  j  and  so  forth*     The 
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point  which  has  been  so  far  considered  is  as  to  the  treatment 
of  sewage  containing  manufacturing  refuse ;  and,  so  far  as 
experience  has  gone,  such  sewages  can  be  efficiently  purified 
by  the  bacterial  method  equally  with  the  domestic  sewage 
from  a  purely  residential  neighbourhood. 

Table  XLII. 


Oxygen  absorbed  fhun  Femuuigaiiate 
in  four  hours,  by 

DBBCRiPTioir  OF  Sampli. 

Crude. 
Liquor. 

After  Treatment  on 

Coarse  Bed. 

Fine  Bed. 

General  tan  water 

13-06 
13-33 

29-90 

4-44 
35-00 

1-40 

6-46 

12-83 

64-60 

7-11 
6-11 

13-70 

1-90 
22-50 

2-40 

4-79 

12-28 

40-60 

2-77 

Tan  water  mixed  with  tan  liquor, 
after  passing  through  four  settling 
tanks * 

2*50 

Tan  water,  mixed  with  tan  liquor, 
and  aU  soaks  and  washings,  &c.  as 
it  leaves  the  works 

Alkaline    sewage,  mixed  with  tan 
water .«...• •.. 

0-60 

Iron  liquor  (wet  copper  process)  .... 

Strongly  acid  sewage,  mixed  wiUi 

iron  liquor •..• 

11-26 
0-80 

Hefuse  from  milk  factory 

3-43 

Ditto            ditto     " 

7-31 

Margarine  factory  refuse 

13*06 

The  publication  of  these  results  in  the  First  Edition 
of  tiie  present  work  naturally  called  attention  to  one  of  the 
most  vexed  questions  of  the  day,  as  the  purification  of  waste 
factory  refuse  had  hitherto  been  carried  out  only  with  con- 
siderable difficulty  and  expense.  It  was  often  contended  that 
the  sewage  of  particular  places  was  difficult  to  treat  because 
of  certain  refuse  liquors  contained  in  it.  This  is  true  to  a 
certain  extent,  but  not  to  that  hitherto  supposed.  Excessiye 
quantities  of  wool  scouring  form  perhaps  one  of  the  most 
expeimte  to  deal  with— difficult  is  not  the  proper  word  to 
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urn.  It  is  a  question  of  expense  solely.  Exoe&sive  quan- 
tities o£  acid  iron  liquor  and  alkali  -waste  perhaps  come  next 
in  order  in  rogard  to  the  expense  of  their  treatment,  but  when 
these  two  liquors  can  be  sent  into  the  same  tank  for  treatment 
they  neutralise  each  other,  and  if  the  wool-soouring  can  be 
sent  to  join  them,  the  mutual  reaction  will  go  a  long  way  to 
settle  the  difficulty*  For  instance,  acid  iron  liquor  is  par- 
ticularly good  for  wool-Bcouring  refuse  and  many  other 
sewages  containing  large  proportions  of  organic  dibrisj  and 
it  has  been  largely  employed  for  purifying  ordinary  sewage^ 
especially  in  eoojunction  with  an  alkali,  such  as  lime,  and 
many  methods  of  sewage  treatment  have  these  two  substances 
for  their  base.  If  alkali  waste,  containing  sulpliides,  is  treated 
with  iron  liquor,  the  iron  immediately  combines  with  the  sul- 
phur^  and  on  subsequent  exposure  to  air  part  of  the  sulphur  is 
set  free  in  a  harmleBS  foim,  and  some  of  the  iron  returns  to  a 
state  of  oxidation,  ready  to  take  up  a  further  quantity  of 
sulphur,  in  the  well-known  manner  of  the  oxide  of  iron  in 
the  purifiers  commonly  used  on  a  gas  works*  It  is  therefore 
clear,  that  if  the  conditions  of  a  given  ease  are  carefully 
studied,  there  is  every  probabihly  that  a  satisfactory  conclu- 
sion win  be  arrived  at*  The  effect  of  free  chlorine  is  perhaps 
one  of  the  most  difficult  to  deal  with,  but  even  here  experience 
of  the  past  will  guide  us.  In  1887,  as  already  recited 
(see  p*  25),  large  quantities  of  diloride  of  lime  were  used  to 
prevent  noxious  emanations  from  the  Eiver  Thames,  which 
was  at  that  time  actually  converted  unintentionally  into  a 
"septic  tank"  at  the  points  opposite  the  two  outfalls  at 
Barking  Creek  and  Crossness.  The  effect  at  first  was  to 
retard  the  putrefactive  decomposition  of  the  sewage  j  but 
after  a  short  time,  as  the  immediate  effect  of  the  chlorine 
slackened,  a  peculiarly  nasty  odour  was  caused  which  was  for 
more  objectionable  even  than  the  products  of  the  ordinary 
anaerobic  action.      A  sonilar  process  has  been  obser\xHl  by 
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Mr.  William  Naylor,  who  found  *  that  "  where,  as  in  print- 
works waste,  colour-shop  waste,  distillery  waste,  or  strong 
brewery  waste,  starch  products  were  dealt  with,  a  *  souring  * 
took  place  which  very  soon  impaired  the  usefulness  of  the 
filter.  In  the  last  three  waste  liquors  an  acid  fermentation  is 
set  up  spontaneously  (due  largely  to  a  lactic  add  ferment), 
which  actually  continues  during  the  sprinkling  of  the 
filter." 

Mr.  Naylor  found  that  this  souring  was  preyented  by  the 
introduction  of  the  anaerobic  bacteria  of  putrid  sewage,  and 
records  the  following  interesting  experiment :  "  About 
20  lbs.  of  starch  were  mixed  with  10  gallons  of  hot  water, 
forming  a  paste.  Half  of  this  was  mixed  with  one  gallon  of 
putrid  sewage  sludge,  and,  after  having  been  left  standing 
for  one  day,  examined.  After  the  expiration  of  five  days  a 
further  sample  was  examined,  and  then  the  mixture  was 
passed  through  the  filter — ^repeated  up  to  five  times,  the 
operation  extending  over  two  working  days  ..."  with 
the  result  that  an  almost  complete  decomposition  of  the 
starch  was  effected.  '*  The  other  portion  of  the  starch-paste 
had  now  become  sour  and  stinking,  though  otherwise  thick, 
slimy,  and  grey  as  at  first,  and  was  passed  into  the  filter ;  but 
up  to  the  twenty-first  filtration  a  satisfactory  eflBuent  was  not 
obtained,  and  the  activity  of  the  filter  was  impaired,  if  not 
destroyed.  The  effluent  was  turbid,  soured  on  standing,  and 
gave  a  blue  coloration  with  iodine,  indicative  of  unchanged 
starch." 

Similar  experiments  were  made  with  "  Kier  liquor,"  pro- 
duced by  boiling  raw  cloth,  first  with  lime  and  afterwards 
with  soda.  "  Eight  parts  of  *  Kier  liquor '  were  mixed  with 
one  part  of  wet  sewage  sludge,  and  were  allowed  to  stand  for 
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one  week,  wlmii  ih^  only  noticeable  change  was  a  reduetion 
in  the  alkalinity.  But  after  being  sprinkled  three  times  over 
a  three- foot  filter  of  broken  clinker,  preYiously  brought  into 
oondition  by  sewage^  the  change  was  remarkable,  the 
alhumiuoid  ammonia  being  reduced  to  nearly  one- quarter, 
and  tlie  effluent  becoming  clear  and  neiitral  in  reaction." 

Asa  result  of  these  experiments^  an  installation  was  erected 
on  the  work^  of  Messrs.  Peel,  Tootal  &  Co,,  of  Baxenden, 
ia  whose  works  the  processes  consist  of  boiling  gi'ey  cotton 
cloth,  first  with  lime  and  afterwards  with  soda,  followed  by 
an  acid  wash,  then  a  ehlorine  bath,  and  washings.  The 
refuse  also  contains  dye.  The  capacity  of  the  tanks  is  equal 
to  three  days'  flow.  *'  "Wlien  the  plant  was  first  put  into 
operation  about  four  tons  of  old  sewage-sludge  was  delivered 
into  the  tanks.  In  about  four  days  the  mass  became  putrid, 
the  ordinary  liquors  were  introduced,  and  the  filter  was  fed. 
To  maintain  putridity^  sewage-sludge  was  addc+d  from  time 
to  time.  As  is  the  case  with  all  bacterial  filters  provided 
with  sprinklers,  a  sDaall  amount  of  suspended  matter  is 
delivered  with  the  final  effluent,  but  in  this  case  it  is  inter- 
oepted  by  a  small  sand  filter*  Tlie  working  of  the  plant  has 
been  most  satisfactory.  The  effluent  is  clear  and  colorless,  in 
spite  of  the  raw  Hqnors,  varying  from  a  deep  purple  to  a 
chrome  yellow.  It  is  sweet,  neutral,  contains  nitrates  and 
little  albuminoid  ammonia,  and  tlie  effect  of  the  antiseptic 
free  chlorine  is  nowhere  observed.  The  fiJter  is  quite  active 
baotcrially,  and  treats  successfully  350  gallons  per  square 
yard.*' 

Mr.  Naylor  has  successfully  applied  this  method  to  various 
other  trades-refuse  liquors. 

An  interesting  experience  with  a  sewage  containing  an 
excessive  quantity  of  brewery  refuse  was  obtained  iu  connec- 
tion with  the  works  at  Worcester  Pai-k,  Surrey,  on  which  is 
treated  the  sewage  from  Cheam  and  Cuddiugton.    When 
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the  mixed  sewage  and  brewery  waste  was  treated  in  the 
existing  precipitation  tanks  with  sulphate  of  alumina,  and  the 
effluent  discharged  on  to  the  land,  a  most  objectionable  effluvia 
arose,  and  the  effluent  was  so  bad  that  two  actions  for  in- 
jimctions  were  threatened.  At  the  request  of  the  Committee 
of  the  Epsom  Eural  District  Council,  I  took  enth'e  control  of 
the  works,  and  having  a  perfectly  free  hand,  I  at  once 
stopped  the  use  of  the  alumina  and  turned  the  sewage  on  to 
the  land,  previously  stopping  up  the  outlet  valves  so  as  to 
ensure  the  land,  a  stiff  clay,  becoming  thoroughly  soaked 
with  the  sewage.  When  this  was  the  case,  which  took 
about  three  days,  the  sewage  was  turned  on  to  a  second 
plot  similarly  treated,  and  these  two  plots  were  able  to 
treat  the  sewage  for  a  time  sufficient  to  enable  the  first 
rough  bacteria  beds  to  be  got  to  work.  The  result  was  that 
the  whole  of  the  nuisance  was  at  once  abated,  and  a  very 
fair  effluent  obtained.  This,  however,  could  only  be  effected 
during  dry  weather,  and  the  bacteria  beds  were  pushed  on 
with.  When  these  were  completed  the  existing  precipitation 
tanks  were  used  as  "  septic  tanks  "  in  order  td  see  whether 
they  would  assist  the  beds  in  dealing  with  the  brewery  refuse. 
The  result  was  that  the  sour  fermentation  previously  obtained 
when  the  sulphate  of  alumina  was  used,  recurred,  and  the  beds 
were  unable  to  produce  an  effluent  at  all  comparable  to  that 
yielded  when  the  sewage  and  brewery  refuse  ran  straight  on 
to  them  in  a  fresh  condition.  Accordingly  the  tanks  were 
put  out  of  use.  Some  two  years  later  the  brewery  in  question 
ceased  work,  and  the  experiment  was  tried  again  with  the 
tanks  to  save  the  beds  as  far  as  possible,  with  the  result  that, 
although  a  foul  effluvia  escaped  from  the  tanks,  the  surface  of 
the  beds  was  undoubtedly  kept  cleaner,  but  there  was  no 
souring  such  as  took  place  with  the  brewery  refuse.  The 
inference  is  clear  that  when  such  refuse  has  to  be  purified  the 
maximum  possible  degree  of  aeration  shoidd  be  secured. 
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CHAPTER   XI, 


SCREENING. 


In  Chapter  X,  of  the  Fii«t  Edition  of  the  present  works 

which  eontained  suggestions  for  sewage  works  conducted  on 
biological  principles,  it  was  pointed  out  that  where  the  open 
bacteria  beds  are  alone  employed  it  was  desirable  that  the 
sewage  shoidd  be  submitted  to  a  preliminary  process  of  screen- 
ing through  a  self-eleansing  mesh,  sufhoiently  fine  to  collect 
the  fibres  of  paper,  &o. 

The  first  experimenta  at  Sutton  were  instituted  in  conjunc- 
tion with  hand  screening  alone.  Whilst  the  work  of  the 
bacterial  treatment  of  the  crude  sewage  was  confined  to  the 
first  bed  constructed,  the  necessity  for  Boreeuing  was  limited  j 
but  as  soon  as  the  suocess  of  the  system  became  eBtablished, 
and  larger  quantities  of  the  sewage  were  treated  by  the 
additional  beds  constructed  in  tlie  old  pret-ipitation  tanksj  it 
became  obviouj  that  the  screening  must  be  carried  on  by  a 
self-acting  oontrivanoe  if  the  labour  bill  wag  to  be  kept  down. 

Messrs-  John  Smith  &  Co,,  engineers,  Grove  Iron  Works, 
Carshalton,  Surrey,  have  introduced  a  very  nseful  self-acting 
screen,  which  consists  of  an  endless  band  of  perforated 
metal,  a.,  carried  on  two  cylinders,  b.,  h.,  which  are  adjustable 
for  taking  up  any  slack  in  the  band. 

The  upper  cylinder  is  caused  to  revolve  by  means  of  a  small 
motor,  by  preference  a  water-wheel,  driven  by  the  flow  of  Uie 
sewage  itself ;  but  where  this  is  not  praetieable  the  motive 
power  can  be  derived  from  a  line  of  shafting,  or  any  other 
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CHAPTEE  Xn. 


THE   PURIFICATION   OF   THE   THAMES, 


Many  persona  still  living  remember  the  condition  of  the 
river  Thames  before  1855,  when  the  Metropolitan  Board  of 
Works  was  c<jnstitnted  for  the  express  purpose  of  putting  an 
end  to  the  state  of  tilings  that  prevailed  at  that  time*  The 
liistory  of  tho  work  winch  has  resulted  in  effecting  the  great 
improvement  which  has  taken  place  in  the  river  has  never 
jet  been  written  in  its  entirety,  tlie  story  being  ^Tapped  up 
in  numerous  official  reports,  and  in  papers  which  have  been 
read  from  time  to  time  before  Tarious  societies,  A  complete 
work  upon  the  subject  would  involve  numerous  extracts  from 
these,  and  I  therefore  propose  to  indicate  only  in  outline  the 
chief  points,  naturally  giving  prominence  to  the  method  of 
treating  the  sewage  at  the  two  outfalls. 

Of  all  the  evils  from  wliich  London  suffered,  the  most 
manifest  and  the  most  detrimental  to  the  health  and  well- 
being  of  the  inliabitants  was  the  extremely  defective  sewerage 
system,  and  with  this  the  accompanying  evil  that  all  the 
filth  of  the  vast  metropolitan  population  was  poured  into  th© 
river  in  the  very  midst  of  the  most  populous  quarters.  The 
sewers  were  under  the  control  of  Commissioners  appointed 
for  the  purpose  by  the  Crown.  They  wore  originally  in- 
tended to  carry  off  only  rain  water  from  the  streets,  the  open 
ground,  and  the  roofs  of  houses.  But  upon  the  compulsory 
abolition  of  cesspools,  which  was  effected  by  the  Metropolitan 
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Commissioners  of  Sewers  under  the  provisions  of  the  Act  of 
the  year  1848,  the  sewers  became  the  vehicle  for  carrying 
into  the  river  all  the  excreta  and  waste  water  of  the  popula- 
tion. Most  of  the  sewers,  having  to  pass  under  the  low 
groimds  on  the  margin  of  the  river,  discharged  their  contents 
at,  or  about,  the  low-water  level,  and  at  the  time  of  low 
water  only.  As  the  tide  rose  it  closed  the  outlets,  and  thus 
the  sewage  flowing  from  the  high  grounds  accumulated  in 
the  low-lying  portions  of  the  sewers,  where  it  remained 
stagnant  in  many  cases  for  eighteen  out  of  the  twenty-four 
hours.  During  this  stagnation  the  heavier  ingredients  fell  to 
the  bottom,  and  from  day  to  day  accumulated  in  the  sewers ; 
besides  which,  in  times  of  heavy  and  long-continued  rain, 
and  more  particularly  when  much  rain  fell  at  the  time  of 
high  water  in  the  river,  the  closed  sewers  were  unable  to  store 
the  increased  volume  of  sewage  water,  which  thus  rose 
through  the  house  drains  and  flooded  the  basements  of  the 
houses. 

The  mischief  caused  by  emptying  the  sewers  into  the 
Thames  in  the  middle  of  London  was  of  course  intensified  by 
the  circimistanco  of  the  discharge  takiog  place  at  the  time  of 
low  water  only.  The  sewage  was  carried  by  the  rising 
tide  up  the  river  to  be  brought  back  to  London  by  the  falling 
ebb  tide,  there  to  mix  with  each  day's  additional  supply,  the 
progress  of  many  days'  accumulation  towards  the  sea  being 
almost  imperceptible  except  in  periods  of  heavy  flood.  More- 
over, the  small  volume  of  water  in  the  river  at  low  water  waft 
quite  incapable  of  effectually  diluting  and  neutralising  the 
offensiveness  of  the  vast  quantity  of  sewage  poured  into  it. 
Thus  were  the*  Thames  and  its  tributaries  turned  into  open 
"septic  tanks,"  and  the  broader  reaches  of  the  river  as  it 
then  was,  such  as  that  between  "Westminster  and  Waterloo 
Bridges,  had  their  banks  covered  with  accumulations  of 
offensive  mud,  which  was  exposed  at  low  water,  and  in  warm 
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weather,  under  the  influence  of  the  siiu,  gave  forth  exhalatioas 
of  a  moat  objectionable  character* 

In  oonBequeuee  of  this  state  of  thiuge,  a  Rojal  Commission, 
appointed  in  1853  to  inquire  into  the  state  of  the  Corporation 
of  the  City  of  London,  recommended  the  division  of  the 
metropolis  into  municipal  districts,  and  the  creation  of  the 
Metropolitan  Board  of  Works  as  the  central  bodj,  the 
members  of  which  should  be  elected  by  the  Boards  or 
Ooimeils  of  the  several  districts,  iueluding  the  City.  This 
cenb'al  body  they  thought  should  be  entrusted  with  the 
management  of  public  works  in  which  all  parts  of  the  metro- 
polis had  a  common  interest.  It  tviU  be  understood  that 
there  were  many  functions  entrusted  to  this  body  which  need 
not  here  be  mentioned,  as  our  express  object  is  that  of  the 
purificatioE  of  the  Thames^  and  we  need  not  dwell  on  ques- 
tions of  purely  political  aspect:. 

The  Metropolitan  Board  of  Works  thus  created,  as  soon  as 
possible  after  its  foniiatiou,  applied  itself  to  the  oonsideration 
of  what  was  undoubtedly  the  most  important  question  with 
which  it  had  to  deal,  namely^  the  improvement  of  the 
sewerage  system  and  the  diversion  of  the  sewage  from  the 
Thames  as  it  flowed  through  London.  The  main  objects  to 
be  attained  were  the  interception  (so  far  as  practicable  by 
gravitation)  of  the  sewage,  and  of  so  much  of  the  rainfall 
with  it  as  could  be  reasonably  dealt  with,  and  its  conveyance 
to  points  of  discharge  at  some  distance  Aovm  the  river  below 
London  ;  the  substitution  of  constant  instead  of  intermittent 
flow  in  the  sewers ;  the  abolition  of  stagnant  and  tide-locked 
sewers,  with  their  consequent  accumulation  of  deposited 
matters;  and  the  Bubstitution  of  deeper  and  better  sew^ers, 
with  improved  outfalls. 

After  the  usual  debates  amongst  various  authorities,  which 
are  now  of  only  historical  interest,  the  Board  proceeded  with 
the  construction  of  the  present  main  drainage  system.     For 
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this  purpose  three  main  intercepting  sewers  were  oonstruoted 
on  each  side  of  the  river,  and  termed  respectively  the  high- 
level,  the  middle-level,  and  the  low-level  sewers.  The  high 
and  middle-level  sewers  on  the  north  side  of  the  Thames 
discharged  by  gravitation,  but  the  low-level  sewers  discharged 
only  by  the  aid  of  pumps.  The  three  intercepting  sewers 
were  made  to  converge  and  unite  at  Abbey  Mills,  West  Ham^ 
where  the  contents  of  the  low-level  sewers  are  pumped  up  to 
a  higher  level,  and  the  aggregate  stream  of  sewage  flows 
through  the  northern  outfall  sewer  to  Barking  Creek,  and 
then  into  the  river  by  gravitation. 

On  the  southern  side  of  the  Thames  the  three  intercepting 
sewers  were  made  to  unite  at  Deptford  Creek,  where  the 
sewage  from  the  low  level  is  pumped  to  the  higher  level,  and 
the  imited  stream  flows  in  one  channel  through  Woolwich  to 
Crossness,  where  it  is  pumped  into  reservoirs,  and  thence 
flows  into  the  river.  The  greater  part  of  these  works  was 
completed  by  the  year  1864,  in  which  year  sewage  began  to 
flow  into  the  river  at  Barking  Creek,  and  in  1865  the  works 
on  the  south  side  of  the  river  at  Crossness  were  opened  by 
H.R.H.  the  then  Prince  of  Wales. 

The  following  short  statistics  will  convey  some  idea  of  the 
magnitude  of  these  main  drainage  works  : — 

North  Side  of  the  Thames. 

Sewer.  Length.  Diameter. 

MUes. 

Northern  high-level  sewer 7 J    from  4  ft.  to  9 J  ft.  by  12  ft. 

Northern  middle-level  sewer. ...  OJ    from  4 J  ft.  by  3  ft.  to  10 J  ft. 

Piccadilly  branches 2f 

Northern  low-level  sewer SJ    from  6f  ft.  to  lOj  ft. 

Hackney  branch  2  J 

Isle  of  Dog8  branch     IJ 

Western  sewers,  main  line 5J    from  4  ft.  by  2  ft.  to  6  ft. 

Fiilham  branch     • \^ 

Acton  line 1 J 

Northern  outfall  sewer   5^    three  culverts  each  9  ft.  in  diameter. 
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8outh  SMe  qf  the  Tlaimca. 

Ijmsih.  Biflmeter. 

8outh<?m  hijfli-leTel  sewer ^  from  4 J  ft  hj  3  ft.  to  lOj  ft. 

Effra  hranohM  * . , 7J  from  7  ft.  to  lOj  ffc. 

Soiitiicrn  law-levGl  sewer   ......  9 J  from  4  ft  to  two  oulTerts  esdi  of  7  ft  ► 

BerraoQtUey  brancli  ,,,»,,,,.♦..  2 J  from  5  ft.  to  6^  ft* 

Southern  o\itfiill  sewer    7i  Hi  ft. 


Pumping  stations : — Abbey  Millsj  eigbt  engiiies ;  Crossness, 
four  engines ;  Deptford,  fonr  engines ;  Pimlico,  four  eogines* 

Tte  total  length  of  tt©  main  intercepting  sewers  wag  thna 
about  82  miles;  they  were  capable  of  intercepting  daily 
63  million  cuhio  feet,  or  nearly  400  million  gallons  of  sewage, 
and  the  total  coat  of  the  works  was  about  4,000^000/.  The 
average  daily  quantity  of  sewage  discharged  is  over 
200  million  gallons* 

So  far  all  went  well  for  a  time,  the  river  as  it  flowed 
throngh  London  no  longer  showed  signs  of  pollntioDj  where 
before  it  was  a  mass  of  etagnant  cormption,  and  it  appem^ed 
for  a  time  that  the  alteration  in  the  discharge  by  sending  it 
into  the  river  twelve  miles  below  London  Bridge,  at  Cross- 
ness and  Barking  Creek  at  high  water^  instead  of  in  Liondon 
itself  at  low  water,  would  efEectually  prevent  all  further  cause 
of  nuisance.  Ten  years  after  the  opening  of  these  works, 
however,  it  appeared  that  certain  signs  were  not  wanting  that 
the  river  was  being  over-taxed,  and  it  was  seen  that  instead 
of  the  discharge  being  confined  to  the  first  part  of  the  ebb- 
tide, as  originally  intended,  it  was  extended  over  several 
hours  in  consequence  of  the  increased  volume  of  water  which 
had  to  be  dealt  with,  and  which  could  not  he  retained  in  the 
storage  I'eservoks  for  a  sufficient  length  of  time,  and  therefore 
overflowed  into  the  river  before  the  time  of  high  water.  The 
result  was  to  repeat  to  a  large  extent  the  experience  of  years 
before  when  the  sewage  ran  into  the  river  at  low  water,  as 
part  of  the  sewage  was  thus  carried  by  the  tide  to  the  upper 


Sewage  into  Thames.  207 

reaches  instead  of  being  carried  down  into  the  larger  volume 
of  water  in  the  lower  reaches,  and  in  hot  and  dry  weather 
the  full  purifying  power  of  the  river  could  not  be  utilised. 
So  marked  was  the  effect  which  was  brought  about  by  the 
increased  number  of  intercepting  sewers  constructed  from 
time  to  time  to  prevent  flooding  in  many  parts  of  the  metro- 
polis in  response  to  the  demands  of  various  districts,  as  the 
effect  of  previous  work  became  more  and  more  marked,  that 
in  1882  a  Royal  Commission,  with  the  late  Lord  Bramwell 
as  its  chairman,  was  appointed  "  to  inquire  into  and  report 
upon  the  system  under  which  the  sewage  is  discharged  into 
the  Thames  by  the  Metropolitan  Board  of  Works ;  whether 
any  evil  effects  resulted  therefrom ;  and,  in  that  case,  what 
measures  could  be  applied  for  remedying  and  preventing  the 
same." 

As  a  result  of  their  inquiries  the  Commissioners  reported 
that  the  London  sewage  ought  not  to  be  discharged  in  its 
crude  state  into  any  part  of  the  Thames;  that  the  solid 
matters  should  be  separated  from  the  liquid  by  some  process 
of  deposition  or  precipitation,  and  should  be  applied  to  the 
raising  of  low-lying  ground,  or  burnt,  or  dug  into  land,  or 
carried  away  to  sea.  That  the  liquid  portion  of  the  sewage 
remaining  after  precipitation  might,  as  a  temporary  measure, 
be  then  allowed  to  pass  into  the  river.  That  its  discharge 
should  be  rigorously  liynited  to  the  penod  between  high  water  and 
half-ebb  of  each  tide. 

In  consequence  of  this  decision,  which  was  in  accordance 
with  the  evidence  I  had  the  honour  to  submit  to  the  Com- 
missioners, as  the  outcome  of  the  results  of  a  large  number  of 
experiments  carried  out  by  Sir  Joseph  Bazalgette,  Dr.  Dupr^, 
and  myself,  on  the  London  sewage,  for  the  express  purpose 
of  submitting  them  in  evidence  before  the  Commissioners, 
who  were  kind  enough  to  listen  to  my  suggestions  with  the 
most  encouraging  attention,  the  Metropolitan  Board  pro- 
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ceeded  to  make  further  trials  for  the  purpoa©  of  obtaimng 
definite  jnformation  before  eonstnicting  the  works  on  a 
suffioiently  large  scale*  As  a  result  of  those,  io  January  the 
Boftid  entered  into  a  contract  for  the  construction  of  the 
Northern  Outfall  Precipitation  Worts  at  Barking  Creek  at 
a  cost  of  £406,000;  and  followed  this  action  by  another 
contract  in  May,  1888^  for  similar  workfi  for  the  southern  side 
at  Crossness  at  a  cost  of  £259,816, 

As  it  had  been  decided  to  adopt  the  system  of  carrying  the 
solid  raatters  precipitated  from  the  sewage  to  soa,  a  trial 
yesael  was  obtained  from  the  Barrow  Shipbuilding  Company 
in  1887  at  a  cost  of  £16,353,  This  vessel  was  the  outcome  of 
competitive  plans,  and  has  been  found  to  do  its  work  in  a 
most  admirable  manner,  as  also  have  the  five  additional 
veesela  constrneted  on  the  same  pattern,  which  form  the 
present  fleet  of  six  steamers,  each  having  a  tonnage  of  1,000 
tons ;  the  additional  five  costing,  however,  from  £24,000  to 
£26,000  each. 

In  general  design  these  vessels  may  b©  deacrihed  a^  con- 
sisting of  four  oblong  tanks,  viz.,  two  aft  and  two  forwai-d, 
having  a  floatage  space  between  them  and  the  bottom  of  the 
vessel,  with  engines  and  twin-screws  to  drive  them.  When 
the  vessel  is  unloaded  the  bottom  of  these  tanks  is  6  in. 
above  the  surface  of  the  water,  as  also  is  the  top  of  the  sludge 
when  the  tanks  are  full.  When  the  outlet  valves  at  the 
bottom  of  the  tanks  are  opened  by  means  of  screws  worked 
from  the  deck,  the  vessel  rises  imtil  the  tanks  are  empty. 
When  the  valves  are  fully  opened  the  whole  cargo  of  1,000 
tons  can  he  discharged  in  about  seven  minutes. 

In  consequence  of  numerous  inquiries  as  to  the  plan  which 
the  late  Metropolitan  Board  of  Works  decided  upon  adopting, 
and  in  response  to  a  request  from  the  Institution  of  Civil 
Engineers,  I  subnuttcd  the  outlines  of  the  method  and  the 
reasons  for  them  to  that  body  in  a  paper  read  in  January,  1887. 
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In  this  paper  I  drew  attention  to  the  following  points : — 

(1)  Detrimental  effect  of  an  excess  of  chemicals. 

(2)  The  limited  reduction  of  the  organic  matters  in 

solution  by  chemical  treatment. 

(3)  The  use  of  iron  salts  as  an  auxiliary  to  lime  when 

necessary. 

(4)  The  action  of  bacteria  in  completing  the  process  of 

purification. 

(5)  The  objection  to  filtration  of  crude  sewage  on  the 

lines  as  then  understood. 

(6)  Final  purification  of  the  effluent  by  proper  filtration 

through  land. 

(7)  Subsidiary  treatment  of  effluent  when  necessary. 

(8)  Aeration  as  an  aid  to  bacterial  life. 

(9)  Disposal  of  the  solids. 

As  already  mentioned,  the  method  adopted  by  the  Board 
was  first  submitted  to  the  Eoyal  Commissioners  by  myself  in 
1884,  and  the  following  extract  from  that  evidence  will 
clearly  indicate  the  position  as  it  then  stood : — 

"  We  found  that  whatever  process  might  be  used  which 
could  be  applied  in  practice  would  have  but  a  very  slight 
efiEect  in  removing  the  dissolved  organic  matter.  Then  we 
came  to  the  conclusion  that  the  only  effect  which  might  be 
expected  would  be  the  removal  of  the  suspended  matters,  and 
that  we  might  neglect  for  this  purpose  the  whole  of  the  dis- 
solved matters.  Proceeding  with  our  experiments  we  found 
that  the  use  of  four  grains  of  lime  and  one  grain  of  proto- 
sulphate  of  iron  was  sufficient  practically  to  remove  the 
whole  of  the  suspended  matter  and  the  grosser  part  of  the 
offensive  odours.  In  fact,  we  were  satisfied  that  it  would  do 
all  that  was  required  to  be  done  with  the  London  sewage  at 
Barking  and  Crossness,  and  that  the  effluent,  if  discharged 
into  the  Thames  there,  would  certainly  be  hardly  noticeable ; 
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and  hj  the  time  it  was  thoroughly  diluted  with  river  water 
it  would  be  to  all  intents  and  puq^oaes  invisible  ;  and  that  all 
effect  of  the  sewage  in  the  rirer  in  point  of  appearance  woidd 
be  annihilated.  The  matters  in  solution  in  the  sewage  would 
stiU  be  there  \  but  the  matters  in  solution  are  those  which 
are  more  readilj  oxidised  by  the  action  of  the  river,  and  so 
would  disappear  at  a  much  greater  rate  than  they  do  at 
present,'* 

Ab  will  he  seen  from  the  foregoing  summary  of  the  report 
of  the  CommissionerSj  they  agreed  with  these  views/but  with 
the  following  proviso  : — ■*  10,  But  we  believe  that  the  liquid, 
so  separated,  would  not  be  suffielently  free  from  noxious 
matters  to  allow  of  ita  being  diseharged  at  the  present  out- 
falls as  a  permanent  measure.  It  would  require  faither 
pnrificotionj  and  this,  according  to  the  present  (1884)  state 
of  knowledge^  can  only  be  done  effectually  by  its  application 
to  land." 

This  safety  clause,  m  it  may  bo  calleds  is  now  fully 
met  by  the  i-esidts  of  the  esperimenta  already  described  in 
Chapter  T.,  and  which  can  be  put  into  practice  on  the  whole 
of  the  London  sewage  whenever  it  may  be  deemed  to  be 
necessary* 

The  sewage  north  of  the  Thames  is  delivered  at  the 
Northern  Outfall  by  three  9-ft,  sewers.  After  passing  the 
screens  it  receives  its  proper  quantity  of  lime,  which  varies 
T^nth  the  strength  and  rate  of  flow  of  the  sewage.  At  the 
liming  station  the  Hmej  after  being  weighed  as  it  is  taken 
from  the  store,  is  placed  in  large  mixing  trays  15  ft.  in 
diameter^  fitted  with  foui'  revolving  arms,  to  each  of  which 
a  heavy  rake  is  suspended.  Sufficient  water  is  then  let  into 
the  tray  to  slake  the  lime*  This  being  aecompliished,  more 
water  i^  added  and  the  mixing-arms  are  rotated  by  ete^m 
power,  the  lime  and  water  being  thus  stiiTed  into  a  cream  as 
dilute  as  possible,      Water  is  continually  admitted  and  the 
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Gream  of  lime  flows  out  into  a  channel  leading  to  the  lime- 
water  tanks,  where  it  meets  a  large  access  of  water,  and  is 
thereby  diluted  and  carried  into  the  tanks,  six  in  number, 
each  having  a  capacity  of  about  100,000  gallons.  The 
mixture  of  the  lime  and  water  is  further  facilitated  by  the 
fall  from  the  trough  into  the  tank,  and  thus  the  whole  bulk 
is  kept  in  agitation  until  the  tank  is  full.  The  lime  water 
so  obtained  is  forced  by  centrifugal  pumps  to  an  overhead 
tank  placed  on  the  top  of  the  boiler  house  and  lime  store, 
whence  it  is  drawn  ofE  as  required.  At  first  the  lime  water 
was  made  with  crude  sewage  and  the  top  liquor  drawn  from 
the  sludge-settling  channels ;  but  the  extent  to  which  the 
lime  is  destroyed  by  these  was  so  great  that  they  have  been 
replaced  at  Crossness  by  river  water. 

After  receiving  the  lime,  which  at  Crossness  is  entirely  in 
solution,  as  originally  intended,  the  sewage  passes  the  iron- 
water  station  where  the  solution  of  iron  sulphate  is  added. 
No  special  mixing  arrangement  is  applied,  as  the  rolling 
motion  of  the  sewage  as  it  passes  along  the  sewer  is  found  to 
answer  the  purpose.  The  iron  salt  is  dissolved  in  a  tank  of 
water  heated  by  a  steam  coil,  and  the  concentrated  solution 
thus  obtained  is  sufficiently  diluted  and  passed  direct  into  the 
sewer  containing  the  already  limed  sewage.  The  precipita- 
tion efiFected  by  the  combined  action  of  the  lime  and  iron  is 
completed  in  thirteen  precipitation  channels. 

The  method  of  discharging  the  sludge  from  the  precipita- 
tion channels  to  the  sludge-settling  channels  is  by  sweeping 
the  deposit  obtained  from  the  action  of  precipitation  through 
culverts  leading  under  the  main  sewer  to  the  receiving- 
chamber  at  the  engine  house,  whence  it  is  pumped  into  the 
settling  channels.  On  its  way  to  these  the  sludge  is  again 
passed  through  gratings  to  collect  rags,  &q.  which  may  have 
escaped  the  first  filth  gratings.  The  quantity  of  solid  matter 
extracted  by  the  combined  action  of  the  double  set  of  gratings 
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is  between  80  and  100  tons  per  week.  A  destructor  fumaoe 
is  built  doae  to  the  filth  hoist,  or  first  set  of  gratings,  aud  is 
used  for  calcination  of  the  refuse. 

The  following  are  the  results  of  au  analysis  of  a  sample  of 
this  refuse; — 


Table  XHH, 

AiuihjHk  of  FiUhfmm  Graiings  at  the  NoHhern  OuffalL 

If otdjnre  .,!.,*,,  ..«.,., i ...  t ..  t     T7  '2 

Wood    ,._,. 10 

Coarse  Rtring  and  fibrei  ,..,.,,»  ,,.,... ^ «  ■.■...        0"  7 

Course  rog^  .... (^'4 

Pine  ^gei,  pulp,  &e.  ,.....,.  ...  * » . . ,  *     1 6*3 

Very  fine   fibrousi  matter's,   eand,   earthy  matter^  j 

&o.,  cooiaimDg  volatile  organic  matter^  of  wbich  [  61*5  > 

one-fiftieth  iH  nitrogen , . .  ....  ) 

Phofipborio  atid    ,.,,.»,,.,,,,-,,,,,,., »       2"0  V    4*1 

Sandf  earthy  matter,  &c * . , ,     42*^  I 

Moistiird    1*1. .«,,«.*■  ..»<■■  t«t»ii  ,«,,*, ,,.,.i       !!*" 

lOOiJ   1000 


The  amount  of  nitrogen  in  the  fine  fibrous  and  earthy 
matter  is  oidy  0'041  per  cent.,  and  of  phosphoric  acid  O'll 
per  cent,  of  the  whole*  Its  manurial  value  is  thercforo  but 
slight. 

After  the  sludge  has  settled  aud  the  top  w^at^r  has  been 
drawn  off  by  means  of  sliding  penstocks,  the  sludge  is  let 
into  the  storage  tanks  under  the  settling  cliannels,  whence  it 
IS  forced  by  direct-aetiug  pumps  to  the  ships.  Formerly  the 
water  drawn  from  the  eettled  slurlge  was  pumped  to  the 
liming  station^  but  alterations  have  been  made  which  enable 
this  liquor  to  bo  separately  treated  with  lime  and  iron,  and 
after  such  treatment  to  settle  in  the  seT^^age-precipitation 
channels. 

The  sewage  of  London  south  of  the  Thames  is  carried  hy 
an  11-fi  6-in.  sewer  to  Crossness.  As  the  whole  of  the  sewage 
was  already  screened,  It  was  not  necessary  to  erect  an  addl- 
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tional  filth  hoist  as  at  the  Northern  Outfall  works,  except  on 
a  small  scale  for  the  sludge.  The  liming  station  is  admirably 
suited  to  the  requirements  of  the  works,  practically  the  whole 
of  the  lime  being  in  solution  before  its  addition  to  the 
sewage.  The  lime  mixers  at  Crossness  are  similar  to  those 
at  the  Northern  Outfall,  and  are  12  ft.  in  diameter.  The 
charge  of  lime  varies  between  1  ton  and  1 J  tons,  to  meet  the 
flow  of  sewage.  The  lime,  having  been  formed  into  a  cream, 
is  discharged  from  the  mixers  into  a  culvert,  where  it  meets 
with  river  water  pumped  for  that  purpose,  and  then  through 
a  series  of  tanks,  six  in  number,  each  of  a  capacity  of  about 
40,000  gallons.  In  two  of  these  tanks  a  pair  of  Gbbbott 
stirrers,  12  ft.  in  diameter,  are  fixed.  The  lime  water  passes 
first  through  one  of  the  end  tanks  and  thence  over  weirs  into 
four  others  successively,  into  the  lime-water  culvert.  The 
quantity  of  river  water  pumped  for  this  purpose  is  between 
2,500,000  gallons  and  4,000,000  gallons  daily.  The  quan- 
tity  of  commercial  lime  taken  for  making  the  lime  water  is 
about  110  grains  per  gallon,  of  which,  on  an  average,  about 
70  per  cent,  is  in  solution.  It  will  be  noticed  that  it  is 
necessary  to  employ  an  excess  of  lime  to  allow  for  the  hard 
core,  and  the  neutralisation  of  a  portion  of  the  lime  by  the 
carbonic  acid  in  the  river  water  employed  for  its  slaking  and 
solution.  The  iron  water  is  made  at  Crossness  by  the  simple 
agitation  of  the  crystals  of  iron  salt  with  water  in  an  ordinary 
mixing  mill  from  which  the  rollers  are  removed,  stirring  arms 
being  substituted  in  their  place,  the  effect  being  equally 
efficacious  with  that  of  the  steam  coil  at  the  Northern  Outfall 
works.  The  precipitation  channels  at  Crossness  are  not  fitted 
with  the  telescope  weirs  for  the  purpose  of  emptying  the 
channels,  but  with  the  ordinary  fioating  arms,  the  bulk  of  the 
effluent,  however,  falling  over  the  weirs  as  at  Barking  Creek. 
In  other  respects  these  channels  are  almost  identical.  In 
consequence  of  the  more  effective  arrangements  for  making 
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lim©  water  at  Crossness,  the  results  Lave  been  much  more 
satisfaetorj  than  those  at  Barking  Creok.  The  method  of 
collecting  the  sludge,  settling  it,  and  loading  the  ships  \a 
ideatical  with  that  at  the  Northern  Outfall  works* 

The  fleet  of  vessels,  each  capable  of  carrying  about  1,000 
tons,  employed  for  the  purpose,  carried  to  sea  during  the 
year  1^94,  2,052  cargoes  of  sludge,  of  which  quantity  1,380 
cargoes,  containing  90"7  per  cent,  of  moisture,  were  conveyed 
from  the  Northern  Out  fall,  and  724  cargoeSj  eontaining  91 '25 
per  cent,  of  moisture,  from  the  Southeru  OutfalL  The  dis- 
charge takes  place  in  the  Barrow  Deep,  eommeneing  at  a 
point  ten  miles  eai^t  of  the  Nore,  and  proceeding  thence  from 
five  miles  to  tea  miles  down  that  channel,  which  is  uniiaed 
for  traffic,  being  about  half-way  between  the  Swin  Cliannel, 
or  route  for  vessels  pmceeding  north,  and  the  Princes  Channel, 
which  is  the  ordinary  route  for  vessels  going  south.  As  the 
E^ludge  is  discharged  from  the  bottom  of  the  vessel,  some  10  ft* 
under  water,  and  la  thus  agihtted  with  the  sea  water  by  the 
action  of  the  twin  screws,  the  diffusion  of  the  sludge  in  the 
water  in  the  wake  of  the  vessel  ia  very  complete,  so  much  so 
that  when  there  is  but  a  slight  ripple  the  visible  effect  of  the 
sludge  is  lost  after  a  few  minutes*  The  sand  and  earthy 
matters  soon  separate  by  subsidence,  and  the  animal  and 
yegetable  dibvis  is  rapidly  consumed  by  the  organic  life  in 
the  sea  water*  This  is  evidenced  by  the  fact  that,  although 
over  20,000,000  tons  of  sludge  have  now  been  deposited 
in  ibis  part  of  the  estuary,  the  most  oarefal  mieroseopicnl 
examination  and  chemical  analysis  fail  to  detect  more  than 
the  merest  trace  of  the  mineral  portion  of  the  sludge,  either 
in  Llredgings  from  the  bottom  of  the  channels  or  on  the 
surface  of  the  sandbanks,  which  are  now  as  clean  as  in  1888, 
before  more  than  a  few  trial  cargoes  had  been  discharged. 
The  eoat  of  this  operation  has  been  found  to  work  out  to 
about  4|^.  per  ton  of  sludge. 
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Month. 

1 

Total  suspended 
Matters. 

Total  dissolved 
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January 

.!      31-5 

600 

9-4 

3-396 

2-801 

February 

.1      28-3 

58-4 

8-2 

3-415 

2-941 

March     . 

28-3 

54-8 

8-4 

3283 

3-24i 

April 

28-8 

53-0 

i       8-7 

3- 172 

3-24: 

May  ...  . 

.,     36-9 

52-2 

10-1 

3-269 

3-36' 

June .... 

25-7 

590 

10-2 

2924 

3-211 

July  .... 

28-8 

630 

13-3 

3  013 

2-87 

August. . 

.j     31-3 

62-2 

14-1 

2-814 

2-62 

September 

•.       25-5 

65-2 

,     15-5 

2-856 

3001 

October     . 

.       34-6 

69-6 

\     17-8 

3-221 

3-33^ 

November 

..       27-2 

63-8 

9-3 

2-942 

2-701 

December 

••1  ''■' 

61-5 

8-8 

3186 

2-94' 

Average. 

.1      29-8 

60-2 

11-1 

3- 124 
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.1      38-1      1 

84-8 

20-4 

3-418     t 

2-55J 
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.  1      30-2     i 

79-1 

17-3 

3-474     ' 

2-38( 

March  .  .  . 

29-5 

81-5 

17-9     , 

4050 

3-55S 
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30-2 
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33-5 

113-2 

37-3 

3-614 
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86-4 

26-4 

3-952 

3-351 
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.       36-1 

93-7 

29-5 

3-721     1 

2-79( 
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361 

81-5 

34-5 

3-554    : 

2-68^ 
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.:     26-6     I 

118-6 

37-8 

3-799 
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..      35-3     1 

113-8 

30-3 

3-951 

2-56( 

November 

..!      22-5     1 

79-1 

14-2 

3-420 

2-401 
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76-3 

12-2 

3  892 

2-49 

- 

Average . 

.1     31-5 

90-8 

24-8 
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Monthly  Averages  of  Daily  Analyses 
ffluent. 

[es  taken  eyery  two  hours  day  and  night. 


Analysis  of  Average  Effluent. 
Grains  per  Gallon. 


)rn  Out&ll. 

8-6 

62-6 

9-4 

1    3-284 

2-713 

0-351 

:    i      7-1 

60-9 

7-9 

,    3-389 

2658 

0-358 

7-7 

59-8 

8-3 

3-441 

3-358 

0-368 

'           8-2 

58-8 

9-3 

3-5]  6 

3-572 

0-362 

1       8-3 

61-3 

9-8 

3-506 

3-598 

0-361 

1       60 

59-6 

9-9 

3-070 

3-189 

0-330 

61 

64-2 

12-5 

3-004 

3024 

.    0-334 

7-1 

63-7 

13-2 

2-968 

2-838 

0-324 

5-1 

65-5 

14-3 

2-944 

3-442 

!    0-328 

7-4 

70-3 

16-1 

3-202 

3-524 

•  0-428 

61 

66-3 

9-1 

3024 

2-696 

0-343 

•       7-6 

65-2 

8-9 

3-360 

3-031 

0-386 

71 

63-2 

10-8 

1    3-225 

3137 

1    0-356 

urn  Out&ll. 

8-9 

85-7 

22-3 

2-910 

2-261 

0-294 

61 

81-6 

19-3 

3-268 

2-431 

0-299 

',      7-8 

831 

20-8 

3-492 

2-479 

0-348 

7-2 

87-6 

26-0 

3-253 

2-316 

0-359 

1      7-1 

109  I 

34-2 

3-330 

2-545 

0-397 

6-3 

100-8 

33- 1 

3-122 

2-731 

0-408 

6-6 

130-3 

45-8 

1    3-324 

2-768 

0-389 

6-1 

1204 

41-9 

3-036 

2-539 

0-335 

i       5-7 

119-2 

37-7 

3-089 

2-880 

0-402 

5-0 

128-6 

36-7 

,    2-925 

2-425 

0-306 

!       3-2 

76-4 

12-9 

2-758 

2-001 

0197 

1    '■' 

68-1 

10-6 

2-876 

2-140 

0-240 

6-2 

99-2 

28-4 

3-115 

2-460 

0-331 
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Character  of  Sewage  and  Effluent. — The  efEeot  of  the  general 
desire  to  lessen  the  pollution  of  the  Thames  by  refuse  from 
manufactories  has  been  largely  to  increase  the  quantity  of 
foul  matters  received  at  the  outfalls,  and  this  has  necessitated 
careful  watching.  In  almost  every  case,  however,  it  has  been 
satisfactory  to  find  that  such  increases  in  the  pollutive  matters 
have  been  fully  met  by  the  ti^eatment  adopted.  The  average 
character  of  the  sewage  before  and  after  treatment  is  set 
out  in  Table  XLIIIa.  opposite,  showing  the  monthly 
averages  of  the  daily  analyses  of  samples  taken  every  two 
hours,  day  and  night,  at  each  outfall,  during  the  year  1894. 
These  include  storm  water,  which  increases  the  average  amount 
of  suspended  matters  left  in  the  effluent,  as  in  many  instances 
the  quantity  found  in  the  dry  weather  sewage  is  considerably 
lower.  It  will  be  seen  that  at  Crossness,  in  consequence  of  the 
better  solution  of  the  lime  water,  there  is  a  material  reduction 
of  the  matters  held  in  solution,  the  oxygen  absorbed  from  per- 
manganate in  four  hours  beiug  reduced  from  *6'7  to  3*1  graius 
per  gallon,  or  16  per  cent.,  a  result  which  agrees  closely  with 
the  preliminary  laboratory  experiments. 

At  the  Northern  Outfall  the  results  are  not  so  good.  By 
analyses  it  is  shown  that  the  average  quantity  of  suspended 
matters  in  the  sewage  at  the  Southern  Outfall  was  31*5  grains 
per  gallon,  and  at  the  Northern  Outfall  29*8  grains  per 
gallon ;  results  which  agree  very  closely  with  the  quantities 
determined  in  1883,  and  given  in  evidence  before  Lord 
Bramwell's  Commission,  with  the  exception  that  the  former 
is  now  somewhat  stronger  than  afr  that  date.  The  average 
results  then  found  over  a  period  of  three  months  were, 
Southern  26'26  grains  per  gallon  ;  Northern  29*1  grains  per 
gallon.  Having  regard  to  all  the  circumstances,  it  would 
probably  be  difficult  to  obtain  a  closer  agreement,  especially 
when  it  is  considered  that  the  actual  quantity  of  sludge 
obtained  as  measured  in  the  sludge  stores,  after  correction  for 
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quantity  and  efEeot  of  the  chemicals  used,  moisture  and 
matters  left  in  the  effluent,  agrees  with  the  above  results 
within  a  fraction  of  a  grain. 

Cost. — In  a  report  to  the  late  Metropolitan  Board  of 
Works,  on  the  24th  November,  1884,  by  Sir  Joseph  Bazalgette 
and  myself,  an  estimate  for  the  precipitation  of  162,500,000 
gallons  of  sewage  at  the  present  outfalls  was  submitted  as 
follows : — 

Table  XUV. 

Chemioalfl £22,000 

Barging  to  sea    37,200 

Labour  and  pumping    , 26,300 

£85,500 

10  per  cent,  oontingenoies. 8,500 

If  effluent  is  treated  with  about  four  tons  of  mangpanate )    g  q^q 
per  day  for  three  months  in  the  year j      ' 

£100,000 
First  outlay  (estimated),  £1,140,000,  including  £131,000  for  barges. 

The  manganate  has  not  been  found  essential,  as  was 
originally  suggested,  and  was  provided  for  only  as  a 
safeguard.  The  working  expenses  are  thus  reduced  to 
£94,000,  which,  with  interest  on  capital  at  3  per  cent.,  or 
£34,200,  equals  a  total  of  £128,200  per  annum. 

The  following  are  the  figures  actually  obtained  in  practice 
during  the  year  1894 : — 

Table  XLV. 

Working  expenses  (including  chemicals,  &o.),  for  pre-  |     /»<yi  nn 

cipitation /    *' A,ll» 

Barging  to  sea    30,212 

£101,331 
Interest  on  capital 25,400 

£126,731 

First  outlay  (capital),  £932,000. 

This  close  approximation  to  the  estimate  of  1884,  especially 
considering  the  difference  in  the  daily  volume  of  sewage  then 
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taken  into  account,  viz.,  162,500,000  gallons,  as  against  the 
volume  in  1894,  viz.,  203,000,000  gallons,  may  be  regarded 
as  satisfactory.  If  the  estimated  working  expenses,  viz., 
£85,500,  are  increased  proportionately  to  the  volume  of 
sewage,  the  original  estimate  will  be  raised  to  £106,800 
as  against  the  actual  cost  of  £101,331.  These  figures, 
coupled  with  the  results  obtained,  speak  for  themselves  as 
to  the  wisdom  of  the  action  of  the  late  Board  with  reference 
to  the  question  of  the  treatment  of  the  sewage  of  London. 

It  will  be  of  interest  to  note  that  as  a  rate  of  \d.  in  the 
pound  produces  £35,320  per  annum,  the  cost  of  working  is 
less  than  a  rate  of  ^d,  in  the  pound,  or,  including  the  re- 
payment of  loan  and  interest  on  capital,  only  a  fraction  over 
Id,  in  the  pound.  In  comparison  with  this  result  of  a  capital 
expenditure  of  £932,000,  and  a  working  expense  of  only 
£101,331  per  annum,  it  may  be  of  interest  to  shortly  glance 
at  some  of  the  alternative  proposals  which  have  been  made 
for  dealing  with  the  sewage  of  London.  One  proposal  was 
to  remove  the  outfalls  to  Hole  Haven,  below  Gravesend,  at 
a  first  cost  of  £4,000,000  sterling,  there  to  erect  the  necessary 
works  and  precipitate  as  at  present.  This,  it  will  be  seen, 
would  have  involved  a  first  outlay  of  about  £5,000,000 
sterling.  Another,  very  strongly  and  influentially  supported, 
was  to  expend  £12,000,000  sterling  and  carry  the  sewage  to 
the  Maplin  Sands.  Again,  another  authoritative  opinion, 
expressly  invited  by  the  present  London  County  Council, 
was  to  the  effect  that  in  the  event  of  the  present  scheme 
proving  unsuccessful,  the  next  alternative  would  involve  an 
outlay  of  £8,000,000  sterling.  Many  other  proposals  for 
the  chemical  treatment  of  the  sewage  alone,  or  in  combina- 
tion with  extensive  farming  operations,  have  been  made 
from  time  to  time,  the  lowest  estimate  for  which  involved 
an  annual  cost  of  double  that  of  the  present  scheme. 

It  will  thus  be  seen  that  on  financial  groimds  alone  the 
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adoption  of  the  system  wHcli  I  had  the  honour  of  snbmitting 
to  Lord  Bram well's  Commission  in  1884  has  been  of  vast 
benefit  to  the  ratepayers  of  the  metropolis;  in  addition  to 
which  the  information  on  the  general  question  of  sewage 
ti-eatment  which  that  sjstoni  has  been  the  means  of  dissomi- 
nating  tliroughoiit  the  country,  has  enabled  alterations  to  be 
made  on  large  numbers  of  sewage  works,  resulting  in  greater 
efficiency  and  considerable  economy,  to  the  advancement  of 
better  sanitation  and  the  relief  of  the  public  purse- 

The  improvement  in  the  fitate  of  the  river  sine©  the 
opening  of  the  outfalls  in  lSDO-2  has  been  so  great  that 
many  observers  have  evinced  sm*prise  that  such  results  could 
have  been  achieved  by  such  appnrently  simple  means.  The 
secret,  if  secret  there  be,  lies  solely  in  tlie  fact  that  while  the 
addition  to  the  sewage  of  cerUiin  purifying  agents  was 
evident  to  ordinary  observation,  the  invisible  but  far  more 
potent  action  of  the  bacteria,  already  in  the  eewoge  and  in 
the  river  water,  to  destroy  the  organic  matters  remaining 
after  chemical  treatment  was  not  so  evident ;  and  thus, 
although  I  clearly  indicated  their  action  in  1887,  their  work 
has  been  overlooked  by  the  majority  who  largely  judge  by 
external  appearances. 

Although  the  methods  described  above  have  effectually  put 
a  stop  to  the  former  distressing  condition  of  the  river,  the 
effect  of  the  improved  state  of  the  water  is  still  immieal  to 
hsh  life.  My  forecast  tlmt  improvement  in  our  knowledge 
in  the  future  ivould  doubtless  enable  us  to  complete  the 
tentative  process  of  precipitation,  and  enable  us  thereby  to 
send  a  really  purified  ef&uent  into  the  river,  has  come  true. 
From  the  earlier  chapters  of  the  present  work  it  will  hare 
been  seen  that  the  process  of  treating  the  sew^age  effluent  on 
bacteria  beds  will  suffice  to  secure  the  quality  of  the  Thames 
water  in  the  lower  reaches  being  at  all  times  capable  of 
supporting  fish  life. 
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From  the  accompanying  diagrams,  showing  the  results  of 
the  examination  of  the  river  Thames  from  Teddington  to  the 
Nore  which  was  carried  out  under  my  direction  in  1893-4,  it 
will  he  seen  (Diagram  J)  that  the  dissolved  oxygen  in  the  river 
water  at  Teddington  fell  to  70  per  cent,  of  the  total  possible 
quantity  on  only  one  occasion,  whilst  the  general  average 
was  about  85  per  cent.  From  Diagram  K  it  will  be  seen  that 
at  London  Bridge  the  dissolved  oxygen  at  high  water  fell  to 
as  low  as  only  10  per  cent. ;  whilst  Diagram  L  shows  that  at 
Southend  at  low  water  in  the  height  of  summer  it  fell  to 
60  per  cent. 

From  these  results,  culled  from  a  large  number  of  similar 
series,  it  is  clear  that  there  is  a  long  stretch  of  water  between 
Teddington  and  the  lowest  reaches  which  contains  such  a 
small  quantity  of  gaseous  oxygen  as  to  render  it  incapable 
of  supporting  fish  life.  On  turning  to  Diagram  M,  it 
will  be  seen  that  the  area  of  maximum  pollution  varies  in 
position,  according  to  the  season,  from  Hammersmith  in  the 
summer  months  to  below  Barking  in  March,  its  position 
being  due  to  the  influence  of  the  rainfall.  As  will  be  seen 
from  the  broken  black  line,  the  quantity  of  water  coming 
down  the  river  at  Teddington  Weir  varied  greatly.  The 
less  the  upland  water,  the  higher  up  the  river  the  area  of 
maximum  impurity  travelled,  and  vice  versd, 

A  very  prolonged  series  of  observations  on  the  Thames, 
extending  over  nearly  a  quarter  of  a  century,  has  shown  that 
when  the  percentage  of  aeration,  indicated  by  the  "  dissolved 
oxygen,''  falls  below  fifty,  there  is  very  little  chance  of  fish 
thriving  in  the  water ;  and  that  when  it  falls  below  thirty,  it 
is  certain  that  no  fish  can  sustain  life  for  any  prolonged 
period.  From  the  foregoing  it  will  be  seen  that  it  is  impos- 
sible to  imagine  that  the  reaches  of  the  Thames  below  lock 
and  above,  say,  Erith  can  ever  again  support  a  healthy 
fishery  until  a  still  further  improvement  takes  place  by  the 
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adoption  of  the  bacterial  principle  for  the  final  purification  of 
the  eflfluent  derived  from  the  sewage  of  London  at  Barking 
Creek  and  Crossness.  I  candidly  confess  that  I  look  forward 
to  the  adoption  of  the  coke-breeze  bed  system,  which  I 
worked  out  at  Barking  Creek — as  described  in  Chapter  IV. 
— as  the  coping  stone  of  my  life's  work  in  effecting  the 
purification  of  the  Thames. 
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CHAPTER  XIII. 

THE  DISCHARGE  OF  SEWAGE  INTO  SEA-WATER. 

One  of  the  favourite  methods  of  disposing  of  sewage  when 
possible  is  its  discharge  into  sea- water,  on  the  assumption  that 
the  enormous  dilution  effected  would  speedily  bring  about  its 
disintegration  and  destruction.  This  is  one  of  those  cases  in 
which  the  maxim  "  out  of  sight  out  of  mind  "  was  thought  to 
have  special  application ;  and,  in  consequence,  the  universally 
considered  panacea  for  the  sewage  difficulty  at  seaside  towns 
was  to  nm  an  outfall  sewer  as  far  as  convenient  out  into  the 
sea  and  to  discharge  the  sewage  at  such  time  of  the  tide  as 
was  thought  would  effectually  carry  it  away.  The  result, 
however,  in  many  cases  has  not  been  all  that  was  desired.  In 
some  instances  the  flow  of  the  tide  has  brought  the  sewage 
back  to  the  point  of  departure,  and  in  some  cases  right  into 
the  stretch  of  water  used  for  bathing,  so  that  visitors  have 
had  to  postpone  their  "  dip  "  until  the  unsightly  flood  has 
drifted  further  on.  Not  only  has  this  objectionable  feature 
been  the  result  of  the  system,  but  in  one  instance  I  have  in 
mind  a  large  ventilating  shaft  on  the  outfall  sewer  has  been 
erected  on  the  beach,  with  a  series  of  steps  leading  right  up 
to  the  top,  with  the  result  that  this  made  an  excellent  "  coign 
of  vantage  "  for  children  who  climbed  up  to  the  top  and  sat 
on  the  grating,  thus  mixing  their  seaside  breeze  with  the 
emanations  from  the  sewage  below  them.  The  result  of  this 
elementary  method  of  disposal,  however,  is  now  known  not 
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to  ceaae  here.  In  a  large  number  of  instances  the  sewage 
discharged  finds  its  way  to  various  oyster,  mussel^  or  csockle 
heds,  and  it  is  now  well  established  that  the  effect  of  this 
has  been  to  cause  typhoid  fever  to  many  of  those  who  have 
partaken  of  euch  iEfected  food. 

Thi§  question  has  received  much  attention,  paxtienkrly 
from  Dr.  Arthur  Newsholme,  Medical  Officer  of  Health  for 
Brighton,  who  in  his  report  to  that  borough  in  1898  pub- 
lished the  following  admirable  memorandum  on  the  ques- 
tion : — 


Hemarandum  as  to  the  Connection  between  the  Consumption  of 
Shell  Fish  oontaminated  by  Sewage  and  lafectiouB  Disease. 

By  Arthue  T^EWSHOLME,  M.B,,  Mtdkal  Officer  of  HmUh  GfBrujhtm^ 
E:m'miner  in  State  Mfdki'ne  to  the  University  of  London^ 

The  causes  of  enteric  ferer  tiavo  probablj^  been  more  thoroughly 
iavestigated  than  those  of  any  other  einglo  diseaBp,  It  ia  generally 
re€ogni5:ed  that  the  ctmtagium  of  this  disease  is  deriTed  from  the 
e^ccrettt  of  patients  suJiering  from  it,  either  by  direct  infection  in 
coTinectioB  with  the  nnreiug  of  patients  or  by  indirect  infection  in  a 
more  remote  manner.  The  chief  indirect  means  by  whieli  infection 
may  be  received  are  as  follows  :  — 

Ip  Emanations  from  defectiTO  drainage  arrangements  or  from  a 
subsoil  which  is  ehronically  contaminated  hj  the  typhoid  organism ^ 
this  organism  being  able  to  live  and  multiply  in  a  sewage-contaminated 
Bubsoil. 

2,  Contamination  of  water  or  milk  by  dejecta  derived  from  enterio 
lever  patients, 

3.  Contamination  of  ahell  fish  or  other  foods  by  dejecta  deriTod  Crom 
enteric  fever  patients. 

It  has  been  a  source  of  disappointment  to  the  authorities  of  many 
great  towns  that  the  provision  of  nnpollnted  drinking  water,  and  the 
cons tmct ion  of  main  sewerage  works  and  of  water-tight  hou^^e  draioftp 
whidi  free  the  subsoil  from  contamination,  have  not  been  followed  by 
BO  great  a  reduction  in  the  mortality  from  enterio  fever  as  might  have 
been  expected. 

The  Brighton  sanitary  authority  Lave  shared  in  this  disappointment. 
They  hfive  entirely  eUndnated  cases  of  enteric  fever  caused  by  con- 
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taminated  water ;  they  have  had  in  recent  years  no  cases  traceable  to 
contaminated  milk  ;  the  majority  of  the  house  drains  in  the  town  are 
completely  water-tight,  and  the  subsoil  is  thus  kept  free  from  the 
contamination  which  favours  the  continued  vitality  of  the  typhoid 
organism  within  it.  Notwithstanding  these  facts,  they  find  that 
although  the  amount  of  enteric  fever  is  low  in  Brighton  they  still 
Buffer  from  more  of  this  disease  than  they  had  reasonable  groimds  to 
expect,  having  regard  to  their  large  expenditure  on  the  sanitary 
improvement  of  the  town. 

A  considerable  proportion  of  the  cases  arc  imported,  but  when  these 
are  eliminated  they  find  that  a  large  share  (at  the  least  30  per  cent.)  of 
the  cases  originating  in  the  municipal  borough  of  Brighton  are  caused 
by  conditions  other  than  those  mentioned  under  the  first  two  headings 
above. 

It  is  well  known  by  every  medical  officer  of  health  that  in  a  con- 
siderable proportion  of  cases  of  enteric  fever  the  source  of  infection 
remains  undetected,  after  elimination  of  water  or  milk  or  defective 
sanitary  arrangements  as  possible  causes  of  infection.  This  remark 
applies  particularly  to  the  sporadic  cases  which,  in  towns  under  an 
efficient  sanitary  regime,  form  the  majority  of  the  total  cases.  Such 
cases  constitute  the  main  difficulty  in  completely  eradicating  enteric 
fever.  It  is  through  contamination  of  water  or  milk  on  a  large  scale 
from  such  sporadic  cases  that  our  great  epidemics  of  enteric  fever 
arise. 

It  is  furthermore  now  becoming  more  generally  recognised  that 
enteric  fever  is  much  more  frequently  acquired  from  ingesta  (food  and 
drink)  than  by  inhalation  of  the  poison.  But  the  cases  in  which 
difficulty  in  tracking  the  source  of  infection  occurs  being  isolated 
items,  without  any  connecting  link  with  others  in  the  same  neighbour- 
hood, it  is  easily  understood  why  there  has  been  considerable  diffidence 
in  arriving  at  the  conclusion  that  such  cases  are  caused  by  specifically 
contaminated  shell  fish.  This  cause  of  enteric  fever  has  now,  however, 
become  generally  recognised. 

It  was  recognised  early  in  1894  by  the  medical  officer  of  health  of 
Brighton,  and,  as  will  be  seen  by  the  summary  of  local  action  herein- 
after given,  the  subject  has  almost  constantly  been  before  the 
Brighton  sanitary  authority  since  that  time.  The  representations 
made  by  that  authority  were  one  of  the  reasons  leading  to  the 
appointment  of  a  medical  inspector  of  the  Local  Government  Board  to 
make  a  detailed  inquiry  into  ** Oyster  Culture  in  Eolation  to  Disease"; 
and  Dr.  Bulstrode's  report,  issued  in  October,  1896,  amply  confirms 
the  isolated  observations  previously  made.  Enteric  fever  is  not  the 
only  disease  which  has  been  traced  to  specifically  contaminated  shell 
fish,  for,  as  Sir  R.  Thome  Thorne  remarks,  **  In  the  Export  on  *  Cholera 
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in  England  in  1893,'  wMch  I  had  the  honour  of  suhmitting  to  tha 
Board  in  December^  1894,  I  expressed  my  conviction  that  the  dietri- 
biition  of  shoU  fii?h  from  Cleathorpca  and  Grimshj  as  a  centm  had 
been  concerned  in  the  diffusion  of  scattered  eases  of  cholera  over  a 
somewhat  wido  area  of  England*"  Medical  officers  of  health  in 
various  parts  of  England  have  also  reported  on  cases  of  enteric  fever 
traceable  to  the  consumption  of  sowago- contaminated  shell  fish.  As 
long  ago  as  ISSO,  Sir  Charles  Cameron  showed  the  '*  possible  relation 
of  typhoid  fever  to  the  consumption  of  specifically  polluted  oyBters  "  in 
Dublin. 

T]io  contribution  of  Sir  William  Broadbont,  F.E.S.,  to  the  "BritLali 
Medical  Journal/*  1895,  voh  i*^  p.  61  ;  of  Sir  Peter  Eade  to  the  same 
journal,  1895,  voh  i.,  p.  121 ;  and  numerous  similar  contributions 
show  that,  as  attention  is  being  increasingly  di-awn  to  this  cause  of 
enteric  fever,  it  ie  becoming  recognised  as  a  not  infrequent  cause  of 
sporadic  cases  of  this  disease* 

The  following  letter  from  Sir  William  Broodbentj  phyaician  to  the 
then  Prince  of  Wales,  is  an  important  contribution  on  the  subject : — 

[copy,] 

"  84,  Brook  Street, 

"  Grosvenor  Square,  Tjondon,  W,  * 
"January  2lBt,  1898, 

**DEAtt  De.  Kewsholme,— I  have  read  with  much  interest  and 
entire  upproral  the  petition  to  the  Local  Government  Board  on  the 
regulation  of  the  supply  of  oysters  and  other  shell  fish  for  food 
purposes.  Some  years  ago  I  pubUisheti  a  series  of  cases  denionstrating 
the  causation  of  typhoid  fever  by  oysters,  and  every  year  since  I  have 
fteen  cases  in  which  typhoid  fever  has  been  distinctly  traced  to  oysters ; 
at  timcB  the  foitn  of  fever  hoii  been  verj-  deadly.  The  investigations 
made  by  Br,  Bnbtrodo  and  others  have  not  only  furniished  scientific 
confirmation  of  the  clinieul  conclusions,  but  have  shown  that  tha 
source  c>f  contaminated  oysters,  <S^c.  can  be  identified,  and  that  a 
remedy  can  be  applied.  It  seems  to  me,  therefore,  an  imperative  duty 
that  Borae  such  meaj^ures  as  Xhom  indicated  in  the  petition  ebonld  be 
adopted,  and  I  certainly  support  tlie  petition.  I  nm  not  sure  that  I 
can  attend  with  the  deputation,  but  if  you  will  give  me  notice  of  the 
time  and  placo  I  will  make  an  effort  to  be  present. 


**  Yours  Tery  truly, 
(Sigiied)        *'  W,  H.  Bboadbekt." 
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Medical  attention  has  of  late  been  specially  directed  to  the  question 
of  the  relation  between  the  consumption  of  shell  fish  contaminated  by 
sewage  and  infectious  disease. 

The  report  of  the  medical  officer  of  the  Local  Government  Board  on 
this  subject  and  the  valuable  evidence  collected  by  Dr.  Bulstrode  and 
contained  in  the  appendix  to  that  report  have  drawn  pubUc  attention 
to  the  very  serious  danger  to  public  health  which  arises  from  the 
condition  of  certain  of  the  oyster  ponds  and  receptacles  used  for  the 
storage  of  oysters  in  preparation  for  the  market.  The  facts  recorded 
in  these  reports  as  to  the  cases  of  the  oyster  ponds  at  Southend, 
Cleethorpes,  Medina  River,  Ponryn  Eiver,  Brightlingsea  Creek, 
Southwick,  and  Colne  Eiver,  and  in  the  cases  of  certain  storage  pits 
and  other  receptacles  at  Southend  Pier,  Blackwater  Eiver,  Wivenhoe, 
Grimsby  Fish  Dock,  Poole,  Warsash,  Bosham  and  Emsworth,  show 
that  in  all  these  instances  the  oyster  ponds  or  receptacles  are  sub- 
ject to  sewage  contamination  of  the  grossest  and  most  dangerous 
description. 

The  case  with  respect  to  sewage-contaminated  oyster  beds  and 
storage  ponds  is  summarised  by  Dr.  Bulstrode  in  these  words : — 

*'  It  must  have  been  apparent  from  these  descriptions  and  maps  that 
at  certain  places  along  our  coasts  no  care  whatever  has  been 
exercised  in  the  selection  of  localities  for  layings  serving  as 
fattening  beds  and  for  storage  ponds,  in  order  to  ensure  that 
oysters  in  these  places  should  bo  reasonably  free  from  risk  of 
sewage  pollution ;  and  also  it  will  be  clear  that  considerations 
of  accessibility  and  convenience  have,  in  many  instances  at 
least,  determined  the  selection  of  storage  ponds,  fattening 
beds  and  layings.  A  general  view  of  the  conditions  will  have 
served  to  demonstrate  that  many  of  the  larger  and  more 
important  oyster  companies  possess  *  layings,'  fattening  beds 
and  storage  ponds,  in  the  main  free  from  the  risks  of  dangerous 
sewage  pollution ;  and  that,  moreover,  where  security  in  this 
sense  does  not  obtain,  it  may — in  not  a  few  instances  at  least 
— be  easily  brought  about  by  the  simple  expedient  of  alter- 
ing the  position  of  the  fattening  beds  or  storage  pits.  But, 
on  the  other  hand,  it  will  have  been  obvious  to  the  reader 
that  there  are  cases  where  the  risk  of  sewage  pollution  to 
oysters  is  so  great  and  so  undeniable,  that  nothing  short  of 
complete  diversion  of  the  sewers  or  drains,  or  withdrawal  of 
existing  fattening  beds  or  ponds  from  use,  can  bo  regarded 
as  satisfactory  in  the  public  interest.  It  would  indeed  appear 
that,  in  several  places  along  our  coasts,  the  conditions  are  at 
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least  equally  bad,  if  not  worte  tlnaa  those  wliicb  are  reported 
to  have  hrought  ahoiit  the  Tory  remarkahlo  outbreak  of 
eateiic  feTor  at  Wesley  an  College^  Connecticut,  U.S^A.** 

The  circumstances  attending^  the  trtide  in  oysters  and  other  shell 
fish  in  Brighton  are  such  as  to  rondor  the  accurate  tracing  of  the  con- 
nection between  the  consumption  of  epecifically  contamiaated  Bhell 
fish  and  attacks  of  enteric  fever  easier  than  those  usually  existing  in 
great  towns. 

The  following  is  the  chain  of  evidence  ^hich  has  enabled  the  medicail 
officer  o£  health  to  establish  the  connection  between  cases  of  enteric 
fever  and  the  consumption  of  oysters  and  other  flhell  fish : — 

(a)  Moat  of  the  oysters   and  mussels  con^'Uined  in  Brighton  are 

derived  from  a  particular  source,  concerniDg  which  it  is  only 
necessary  to  quote  Dr,  BuLstrode's  remark  {Eeport,  p,  73) : 
**  Sufficient  has  come  to  light  for  tho  purpose  of  demonstrat- 
ing that  the  Southwick  oyster  ponds  are  in  a  most  improper 
and  unsafe  position/* 

(b)  Enteric  fever  is  endemic  in  the  population  whose  drains  and 

cesspools  discharge  near  tlie  oyster  ponds  and  mussel  beds  in 
question. 

(c)  Sewage- derived  organising  were  found  in  the  mud  of  the  oyster 

ponds,  and  in  the  interior  of  oysters  obtained  from  them,  by 
l)r-  Klein,  F,R.S.»  and  by  Profeaaor  Boyce,  of  University 
College,  Liverpool,  ^ 

(d)  In  a  large  proportion  of  the  caeea  the  one  per^u  taking  oysters 

or  mussels  from  the  above  source  within  three  weeks  preced- 
ing the  date  of  onset  of  iHnesa  i?^  the  one  person  subsequently 
token  iU  with  enteric  fever* 

(«)  When  other  persons  in  the  same  house  had  eaten  shell-fish  they 
had  diarrhoea  or  other  evidence  of  illness,  although  this  did 
not  develope  into  typical  enteric  fever* 


The  following  tabular  statement  shows  that  30  "7  per  cent,  of  the 
total  cases  of  enteric  fevor  ori^nating  in  Brighton  during  1897  were 
definitely  truceable  to  tlio  eating  of  sewage -contaminated  oysters  or 
mussels,  as  compared  with  31  '8  per  cent,  in  1896,  with  3U'0  per  cent* 
in  1S90|  and  with  38*2  per  cent*  in  18&4. 
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•  No  secondary  cases. 

t  Including  one  secondary  case. 

X  Including  two  secondary  cases. 

Average  percentage  of  cases  of  local  origin  in  the  four  years,  1894-97, 
traceable  to  shell  fish  =  33*1  per  cent. 


Summary  of  Local  Proceedings, 

The  spread  of  enteric  fever  by  means  of  sewage-contaminated  shell 
fish  has  been  a  cause  of  anxiety  to  tho  Brighton  sanitary  authority 
since  tho  29th  March,  1894,  when  the  sanitary  committee  had  before 
them  the  particulars  of  eight  cases  of  enteric  fever  which  had  occurred 
during  the  preceding  quarter,  and  which  were  attributable  to  the 
consumption  of  oysters  derived  from  oyster  layings  grossly  contami- 
nated by  sewage.  Those  particular  beds  will  be  described  as  X.  in  the 
present  memorandum. 

On  April  19th,  1894,  the  sanitary  committee  had  before  them  parti- 
culars of  further  cases  of  enteric  fever  arising  from  the  same  cause. 
At  tho  same  time  samples  of  mud  from  the  market  ponds  in  question 
were  submitted  to  bacteriological  examination  by  Dr.  Boyce,  now 
Professor  of  Pathology,  University  College,  Liverpool,  who  stated 
that  the  results  pointed  **  unmistakeably  to  the  presence  in  the  imme- 
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diat©  yitjinity  of  the  oyatar  beds  of  sewage  matte  contaminated  with 
human  excteta." 

On  20th  Aprils  1804,  the  medical  offioet  of  health  intervicwod 
Mr*  Power,  the  assistant  medical  oflicer  of  the  Local  Government  Board 
(in  the  absence  of  Dr*  Thorno),  and  tirge*i  the  importance  of  the  Local 
GovernmDJit  BoarJ  brin^ug  prot*3nro  to  bear  upon  the  responaiblo 
local  anthuritiea  iu  exceiito  an  efficient  combined  &Tiitem  of  main 
sewerage .  Such  a  scheme  is  atill  in  the  future ^  though  an  inspector 
of  1^6  Local  Govenimeiit  Board  has  [December,  1897)  held  an  inquiry 
into  a  proposed  combined  scheme  affecting  two  out  of  four  of  the  local 
authorities  responsible  for  the  pollution  of  the  oyster  and  mussel 
layings  at  X. 

Thn  Brighton  sanitary  authority,  during  1894,  wrote  to  the  port 
sanitary  authority  of  Shoreham,  and  m  the  result  of  their  letter  the 
owners  uf  the  market  pomls  at  X,  wore  served  with  a  notice  fi'om  the 
port  sanitary  authority  requiring  them  to  close  the  oyster  ponds*  On 
August  18th,  1894,  the  medical  officer  of  health  reportcjd  that  these 
ponda  were  again  in  use,  and  reported  three  additional  cases  of  enteric 
fever  traceable  to  oysters  dei-ived  from  them* 

On  October  11th,  1894,  the  medical  officer  of  health  found  that  the 
two  small  sewers  adjoining  the  market  ponds  had  been  lengthened,  so 
as  to  discharge  50  ft.  and  78  ffc.,  rospoctiTely,  from  the  nearest  ponds. 

On  Decomljer  7th,  1894,  a  dcputntion  fiom  the  Crighton  Town 
Council,  consisting  of  the  Mayor  [Mr.  Alderman  Botting,  J.F.)p  the 
chainnan  of  the  sanitairy  comitdtt^ae  (the  late  t'ounetllor  Leader),  Sir 
Joseph  Ewart,  J.P*,  Councillor  McClenn,  town  clerk,  and  the  medical 
officer  of  health,  waited  upon  the  parliamentary  secretary  of  the  Local 
Gevernment  Boanl  (Sir  Walter  Foster),  who  was  accompanied  by  Sir 
Ilugh  t>wen  and  Dr.  Thome  Thome.  At  this  interview  Sir  W*  Foster 
stated  that  '*he  regarded  the  site  where  the  oyster  ponds  were  now 
place^l  as  an  open  sewer,  and  absolutely  imfit  for  its  present  use."  He 
added  that  **  there  was  no  doubt  that  the  question  was  one  of  general 
importance,  and  that  some  general  regulations  for  the  control  of  the 
trade  in  shell  fi^h  were  necesi^ary." 

Tlie  medical  officer  of  health  of  Brighton  continued  to  report,  during 
the  next  two  j^earg,  caies  of  enteric  fever  caused  by  sewage-contami- 
nated shell  fish  as  they  arose.  In  his  annual  reports  ho  made  the 
statement  that  38'2  percent,  (1891),  33  9  percent  (1895),  31-8  percent. 
(189(1),  and  30*7  per  cent  (1B97)»  of  tlio  total  cages  of  enteric  fever 
originating  in  Brighton  were  canned  by  ee  wage-eon  tarn  inated  ghell 
fish.  The  Brighton  sanitary  authority,  being  impressed  with  the 
importance  of  obtaining  powers  t^j  enable  them  to  eojie  ^ith  a  c^inae  of 
disease  which  was  responsible  for  one-third  of  their  total  indigenous 
enteric  fever,  attempt^idj  in  the  session  of  181*6^  to  obtain  parliamentary 
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powers  authorising  them  to  prohibit  the  sale,  within  the  borough,  of 
shell  fish  known  or  suspected  to  bo  the  cause  of  infectious  disease, 
similar  to  those  which  the  Local  Government  Board  are  now  asked  in 
the  memorial  to  confer  upon  local  authorities  generally.  This  clause 
was,  however,  rejected  by  the  Police  and  Sanitary  Committee  of  the 
House  of  Commons,  largely,  it  is  believed,  because  of  the  statement  of 
the  Local  Government  Board  that  their  investigation  on  the  subject  was 
not  complete,  and  because  of  the  statement  of  the  Board  of  Trade  that 
powers  of  the  nature  asked  for,  if  granted,  should  bo  general  and  not 
local. 

The  present  law  does  not  enable  local  authorities  to  prevent  the  sale, 
within  their  district,  of  shell  fish  from  a  source  known  to  be  grossly 
contaminated  with  sewage ;  and  althougli  cases  of  enteric  fever  may 
have  been  previously  traced  to  the  consumption  of  shell  fish  from  the 
same  source,  the  powers  with  respect  to  the  seizure  of  unwholesome 
food  (Public  Health  Act,  1875,  s.  116)  do  not  meet  this  case.  It  is 
impossible  to  say  in  a  particular  instance,  without  a  bacteriological 
examination  requiring  from  seven  to  ten  days,  whether  a  given  lot  of 
oysters  exposed  for  sale  contain  typhoid  bacilli.  The  recent  failure  to 
find  typhoid  bacilli  in  the  Maidstone  water,  at  a  time  when  it  was 
spreading  enteric  fever,  shows  that  negative  results  cannot  be  trusted. 
The  machinery  of  sect.  116  of  the  Public  Health  Act  is  quite  inopera- 
tive when  applied  to  the  requirements  of  this  case. 

Town  Hall,  Brighton, 

FehruarrjMh,  1S98. 

Dr.  Newsholme  further  pui'sued  the  question  in  a  paper 
read  before  the  Sanitary  Institute  (Vol.  XVII.,  Part  III.)  on 
"  The  Spread  of  Enteric  Fever  by  means  of  Sewage-contami- 
nated Shell  Fish,"  from  which  the  following  is  abstracted  : — 

Erperimenta  on  viability  of  typhoid  haciiU  in  oysters.  {A.) — Professor 
Eubert  Boyce,  M.B.,  Professor  of  Pathology,  and  Professor  W.  A. 
Herdman,  D.Sc,  F.R.S.,  Professor  of  Zoology  in  University  College, 
Liverpool,  described  at  the  Ipswich  meeting  (1895)  of  the  British 
Association  experiments  made  by  them. 

They  summarise  their  experiments  bearing  on  the  present  question 
as  follows : — 

rV.  The  toleration  of  sewage^  Ac. — It  was  found  that  oysters  could, 
up  to  a  certain  point,  render  clear  sewage-contaminated  water,  and 
that  they  could  live  for  a  prolonged  period  in  water  rendered  opaque 
by  the  addition  of  faecal  matter ;  and  that  the  faecal  matter  obtained 
from  cases  of  typhoid  was  more  inimical  than  that  obtained  from 
healthy  subjects. 
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Y,  The  in/edion  of  fhr  ctjittr  hi/  the  fnicrG'OrtftttiUfm.*~Th^  results  of 
tk©  bftoteriologitml  examination  of  the  water  of  the  palUal  cavity  of 
the  oyster,  and  of  tbe  contents  of  tlio  rcftuin,  showed  that  in  the  (msm 
of  those  kid  down  in  tho  open  water  of  tho  bay  tho  colonies  present 
were  oftpecially  email  in  number,  whilst  in  those  laid  down  in  proximity 
to  the  drain -pipe  the  number  was  enormous  (f,^*,  17,000  againeit  10  in 
the  former  case).  It  was  tV»und  that  more  organisms  were  present  in 
tho  pallial  cavity  tkin  in  the  reotum*  In  tho  case  of  the  oysters 
grown  in  water  injected  with  the  bud  fins  ft/phosu^,  it  was  found  tbat 
there  was  no  apparent  iucroase  of  the  organidmg,  but  tkat  thf^  a>uid 
/«•  idtniifi^d  in  ctdiitns  ktken  from  the  wattr  of  the  j>aUtal  cavity  ami 
reditmftiurtaen  daifii  a/frr  innptxtimu 

It  ifl  found  that  tbe  typhoid  bacillus  will  not  flourish  in  clean  salt 
water,  and  our  oxpeiiments  seem  to  sbow,  bo  far,  that  it  decreases  in 
numbers  in  its  passage  along  tKe  alimentary  canal  of  tlie  oyster* 

(JS.)— Dr*  Charles  J.  Foote,  of  tho  Yale  Medical  Schooi  U.S.A.,  found 
thsit  the  typhoid  bacilli  were  alive  forty -eight  hours  after  being  placed 
in  tho  interior  of  the  ahell  of  a  living  oyster,  and  tho  same  time  after 
inoculation  into  the  oyster.  Experiment  was  not  continujed  beyond 
tbis  time, 

Eor^infrimtnU  on  tiuhilih/  of  tt/phoul  haciiii  in  $eti  *i'ti(er.— Experi- 
mcnta  of  Giaxa  show  that  the  typhoid  bacilli  can  maintain  their 
vitality  in  sea  water,  sterilised  or  not,  for  many  days.  (Quoted  in  the 
"Bi-itish  Medical  Journal,"  p.  :\9-2,  Fcbmary  15th,  18950 

Exporimenta  of  Freytag  show  that  tho  typhoid  baeiUua  will  lire  six 
months  in  a  concentrated  eolutiun  of  salt. 

Foster  has  also  shown  that  the  typhoid  bacillus  will  resist  the  action 
of  a  saturated  solution  of  salt  for  weeks,  and  evon  for  months* 
(Quoted  by  Dr.  0.  J.  Foote,  Eeport  of  Connecticut  Stale  Board  of 
Healthy  Eeport  for  1894,  page  2U*) 

V hi  hi  Hi  If  ({f  typhfud  hictUi  in  frrsh  water, — Cassedebat,  examining 
the  drinking  water  of  Marseilles  (a  very  hot- bed  of  water-borne 
typhoid  fever),  could  not  find  the  charactoriHtic  bacilli  in  one  out  of 
250  cultivations  made  of  seventy  specimens  of  wat^r,  though  he  found 
others  closely  resembling  them, 

Tho  reason  was  not»  as  pointed  out  by  Cassedebat,  because  the 
typhoid  bacillus  will  not  live  in  water,  as  in  distilled  water  to  which 
a  cultivation  of  typhoid  bacilli  was  purposely  added  he  could  distin- 
guiiih  their  presence  ni  the  end  of  forttf-/mir  dfiifSf  and  when  they  were 
added  to  diHtiUed  water  along  with  half-a-dozen  other  forms,  they 
were  still  living  and  active  at  tho  end  of  seventeen  days.  (*'Annal 
de  rinstitut  Pasteur,''  October  25th,  ISHO.) 

Klein  ("Twenty -fourth  Annual  Eeport  of  the  Local  Government 
Board,'*  Supplement  of  the  Medical  Officer*  page  417)  found  in  some 
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experiments  tliat  "by  adding  in  the  first  instance  large  numbers  of 
typhoid  bacilli— always,  be  it  noted,  along  with  a  trace  of  nutritive 
material — to  samples  of  London  water,  sterilized  by  filtration  before 
inoculation,  living  bacilli  were  recoverable  therefrom,  in  two  out  of 
the  three  samples,  oven  after  the  lapse  of  eight  weeks." 

Experiments  on  viahilHy  of  typhoid  bacilli  in  sewage, — Messrs.  Lawes 
and  Androwes,  in  their  report  to  the  London  County  Council,  showed 
that  typhoid  bacilli  inoculated  into  sterilized  sewage  died  within  a  few 
days,  when  the  sewage  was  maintained  at  ST"  C.  At  20®  C,  the 
ordinary  temperature  of  the  air,  the  duration  of  their  life  was  longer, 
but  probably  not  over  a  fortnight.* 

It  is  necessary  to  note  that— (a)  those  were  laboratory  experiments, 
not  made  under  natural  conditions. 

(6)  Only  small  quantities  of  the  sewage  were  tested,  and  the  negative 
results  are  therefore  not  conclusive. 

(c)  Further,  it  has  been  shown  above  that  the  typhoid  bacilli  will 
live  for  months  in  sea  water,  and  that  they  will  live  in  oysters 
inoculated  with  them  at  least  fourteen  days.    (Boyce  and  Herdman.) 

Later  experiments  made  by  Klein  on  similar  lines  (**  Twenty-fourth 
Supplement  of  the  Medical  Officer  to  the  Local  Government  Board," 
page  407)  showed  that  colonies  of  typhoid  bacilli  remained  in  sterile 
sewage  at  the  end  of  three  weeks  from  the  time  of  its  artificial  inocula- 
tion. Furthermore,  in  sterile  sewage  to  which  nitrates  had  been 
added,  the  typhoid  bacilli  continued  to  exist  in  enormous  numbers  at 
the  end  of  eight  weeks. 

More  recently,  in  spite  of  the  warnings  thus  conveyed, 
many  further  cases  of  typhoid  have  occurred  from  eating 
contaminated  oysters,  with  the  loss  of  valuable  lives  and  a 
serious  injury  to  the  oyster  industry. 

In  his  Annual  Eeport,  published  30th  March,  1903, 
Dr.  Newsholme  again  drew  attention  to  the  danger  from 
contaminated  shellfish,  and  gave  some  further  instances  of 
cases  of  enteric  fever  arising  therefrom.  On  19th  February, 
1903,  the  Brighton  Town  Council  passed  a  draft  bye-law  pro- 


*  These  experiments,  while  perfectly  trustworthy  on  the  minimum  side, 
ahnoBt  certainly  do  not  indicate  the  maximum  duration  of  life  of  the 
typhoid  bacillus  in  the  soil,  as  it  is  impossible  to  say  that  the  negative 
results  obtained  at  the  end  of  a  given  time  prove  the  actual  absence  of 
living  typhoid  bacilli. 
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hibiiing  the  sale,  or  exposiire  for  sale,  in  the  Brightou  Fish 
Market,  of  oysters  or  other  ebellflsh  known  io  have  come 
from  a  sewage-contamiDatad  source,  and  forwarded  it  to  the 
Local  Government  Board  for  approval* 

In  view  of  these  facta,  it  cannot  be  doubted  that  the  system 
of  discharging  crude  sewage  into  streams  flowing  directly 
over  or  near  oyster,  codde,  or  muBsel  beds  should  he  abso- 
lutely prohibited,  which  prohibition  should  also  apply  to  tha 
discharge  of  crude  sewage  into  the  sea  along  the  coast  within 
a  considerable  distance  of  any  seaside  resort.  Two  or  three 
miles  away  is  entirely  insufficient,  as  the  tidal  flow  will  soon 
travel  this  distance,  with,  to  say  the  least,  a  by  no  means 
pleasant  result  to  those  who  look  for  pure-water  bathing. 

One  of  the  modern  methods  which  have  been  favourably 
looked  upon  is  to  allow  the  sewage  to  undergo  putrefactive 
deeomposltion  in  a  tank  before  it^  discharge  into  the  sea, 
without  any  fiuiher  pmifioation  on  aerobia  beds*  This  is 
not  sufficient.  The  idea  is  to  save  the  expense  of  pumping 
and  the  cost  of  constructing  the  beds.  Notliing  can  be  more 
fuUacions  than  this  falsa  economy.  It  will  soon  beoome 
I'ecogniaed  that  certain  8eaj:^ide  resorts  do  not  employ  proper 
and  effective  methods  for  purifying  their  sewage,  and  the 
resulting  loss  to  the  town  by  the  abstention  of  vifiitora  wiE 
far  more  than  make  np  for  the  slight  saviDg  on  the  rates* 
When  methods  for  purifying  eewage  were  both  ineffective  iu 
operation  and  expensive  in  working,  and  little  or  nothing  was 
known  of  the  serious  danger  caused  to  health  by  bad  effluents, 
then  there  was  some  excuse  ;  but  at  the  pre.sent  time  there  is 
absolutely  none,  and  it  is  to  be  hoped  that  all  seaside  towns 
will  avail  themselves  of  the  advance  of  knowledge  both  in 
regaitl  to  improved  methods  of  purification  and  the  danger 
of  the  old  system,  and  cease  from  corrupting  their  bathing 
resorts  and  food  supplies. 
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CHAPTER  XIV. 

THE  FILTRATION  OF  POTABLE  WATER. 

The  first  water  purifier  for  which  protection  was  obtained  in 
this  country  is  that  of  William  Walcott,  who  in  1675  obtained 
a  patent  for  the  "  art  of  makeing  water  corrupted  fit  for  use, 
and  sea  water  fresh,  clear,  and  wholesome  in  very  large  quan- 
tities, by  such  wayes  and  means  as  are  very  cheap  and  easy, 
and  which  may  be  done  and  practised  with  great  speed  and 
expedicion."  Unfortunately  these  "  wayes  and  means"  are 
not  given  in  the  specification ;  but  doubtless  it  was  a  method 
of  distillation. 

It  is  not  until  the  year  1790  that  we  find  mention  of  any 
contrivance  which  can  claim  to  be  regarded  as  a  filter,  when 
Johanna  Hempel  patented  a  method  of  making  porous  vessels 
which  were  to  be  used  as  filters,  the  substances  used  being 
clay  and  sand.  In  the  following  year  upward  filtration  was 
patented,  the  materials  employed  being  "  sand,  sandy  gravel, 
and  broken  or  pulverised  glass."  Wood  charcoal  was  intro- 
duced in  1802.  Ten  years  later,  in  1812,  we  have  the  first 
rudimentary  idea  of  oxidation,  when  Messrs.  Dickinson  and 
Maudsley  proposed  to  oxidise  the  organic  matter  by  simply 
forcing  a  stream  or  streams  of  air  through  the  foul  or  tainted 
water  by  means  of  bellows  or  pumps.  This  may  be  looked 
upon  as  the  forerunner  of  the  system  adopted  by  Lowcock  for 
the  filtration  of  sewage  effluent,  and  Waring  for  that  of  crude 
sewage. 
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In  1818,  John  Bennett  proposed  to  ub©  animal  charcoal,  in 
combination  with  sand,  gravel,  and  **  a  very  fine  ground 
oharcoftl  of  Prussian  blue,  mad^  by  potash," 

The  extraordinary  number  of  organic  matters  which  were 
UBed  by  the  earlier  filter  raakers  is  very  curious.  Wood, 
leather,  paper,  sponge,  hair-cloth,  horBe-huir,  wool>  skins  of 
animals,  cotton,  felt,  linen,  Ac,  in  addition  to  the  usual  sand, 
gravel,  shells,  &c.  The  want  of  elementary  knowledge  is 
here  cnriously  illustrated  by  the  enrly  inanufaeturers  over- 
looking the  fact  tliat  organic  materials  decompose  and  even- 
tually render  the  water  worse  after  filtration.  Again,  most 
of  them  proposed  to  clean  the  filtering  materiak  by  forcing 
the  wat*'r  the  reveiise  way  instead  of  entirely  removing  them 
for  a  good  wasliing,  &c.  This  method  is  oven  at  the  present 
time  recommended  as  effective.  Bad,  indeed,  must  be  the 
water  beffjre  filtTation  ^\'hen  such  a  system  c^n  be  adopted 
with  advantage.  Such  filters  are  little  better  than  sieves.  It 
is  well  known  that  where  a  new  supply  of  filtering  material 
is  not  obtainable  the  most  efficacious  method  is  to  remove  the 
old  ehaiToal,  &o.,  well  watih  it,  and  then  heat  it  in  a  closed 
vessel  to  a  red  beat^  wlien  it  will  be  thoroughly  renovated* 

The  now  well-kno%^Ti  *'  block  "  filters  were  first  introdnoed 
by  Samuel  Bttgshaw  in  1834,  who  ooDstrncted  his  block  by 
mixing  charcoal,  stone,  and  clay,  with  water  into  a  paste, 
which  was  then  moulded  to  shape,  dried,  and  heated  in  an 
oven  or  retort. 

In  1838,  Matthew  Heath  proposed  to  clarify  the  water  by 
"precipitating  the  heterogeneous  insoluble  matter  by  means 
of  a  solution  of  muriate  of  Kine."  This  startling  process, 
however,  was  disclaimed  later  on. 

The  proposition  to  use  canvas  bags  in  order  to  obtain  as 
large  a  filtering  surface  as  possible  seems  to  have  been  a 
favourite  one,  and  as  a  strainer  the  system  is  largely  adopted, 
but  it  cannot  strictly  be  called  filtration  in  the  ordinary  sense. 
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In  1852,  the  necessity  for  radical  measures  seems  to  have 
been  urgent,  as  in  that  year  one  gentleman  proposed  certain 
improvements  in  the  method  of  treating  water,  to  wit : — The 
water  was  to  be  first  chemically  treated,  then  distilled,  again 
chemically  treated,  and  finally  filtered,  no  particular  filter 
being  mentioned.  A  few  years  later  another  inventor 
was  determined  that  he  would  be  on  the  safe  side,  so  he 
constructed  a  filter  as  follows: — First,  a  perforated  stage 
on  which  was  laid  a  layer  of  pebbles;  then  fragments  of 
granite ;  a  piece  of  hair-cloth ;  a  bed  of  ground  glass ;  a 
second  piece  of  hair-cloth,  upon  which  was  laid  a  "  terro- 
metallic"  bed,  which  contained  flint,  steel  filings,  oxalate 
of  ammonium,  peroxide  of  manganese,  animal  charcoal,  and 
boxwood  charcoal ;  above  this  was  laid  another  covering  of 
hair- cloth,  and  then  a  perforated  stage.  Below  this  filtering 
bed,  a  powder,  containing  oxalate  of  ammonium,  peroxide  of 
manganese,  and  charcoal,  was  placed  to  soften  hard  waters. 

Amusing  as  it  may  be  to  read  such  descriptions  as  these  in 
the  light  of  our  present  knowledge,  one  cannot  forget  that 
those  early  pioneers  served  the  useful  purpose  of  indicating  a 
necessity,  and  at  the  same  time  by  their  stumblings  as  surely 
indicating  the  dangers  and  difiiculties  of  the  road  for  the 
guidance  of  those  who  follow  them. 

The  first  scientific  and  practical  method  of  treating  hard 
waters  especially  is  that  of  Dr.  Thomas  Clark,  who  in  1841 
patented  his  famous  method  of  softening  water  by  adding 
lime  water  to  the  hard  water  in  sufficient  quantity  to  absorb 
the  csirbonic  acid  which  holds  the  carbonate  of  lime  in  solu- 
tion. As  soon  as  the  excess  of  acid  is  thus  removed,  the 
carbonate  of  lime  in  the  water,  and  the  lime  put  in  and  now 
combined  with  the  carbonic  acid,  settles  to  the  bottom  of  the 
containing  vessels,  and  in  doing  so  carries  with  it  practically 
the  whole  of  the  impurities  in  the  water. 

The  process  is  one  of  the  most  simple  and  beautiful  methods 
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of  treatiog  water  wliicli  lias  Loen  brought  before  the  public ; 
andj  although  it  has  been  adopted  at  certain  waterworks,  as 
well  OB  in  very  numerous  factories,  the  marvel  is  that  the 
inbabitanta  of  the  great  metropolis  are  deprived  of  its  advan- 
tages by  tbe  failure  of  the  water  companies  to  carry  out  the 
process,  w^hieh  la  easy^  simple,  safe,  and  ineKpeusive,  When 
it  ia  eoixsldered  that  eightpenny worth  of  Ume  will  soften  as 
much  water  as  forty-seven  pounds'  worth  of  soap,  in  addition 
to  the  advantage  to  be  derived  by  preventing  the  oorrosion 
and  stopping  up  of  hot-water  pipes,  boilers,  &c.,  it  becomes 
astonishing  that  the  public  should  have  been  so  patient. 

It  is  often  claimed  for  filters  that  they  will  remove  hving 
organisms  as  well  as  the  ordiuary  impurities*  Up  to  a 
certain  extent  this  ib  true,  but  by  no  means  entirely  m,  more 
especially  In  relation  to  the  bacteria.  When  we  consider  the 
couditioDs  of  the  case,  we  shall  understand  better  how  a  filter 
willj  under  suitable  ouM^umatanoes,  allow  organisms  of  various 
sizes  to  pass  throughj  and  in  fact  to  live  and  multiply  iu  it, 
with  the  resiJt  that  after  a  time  such  a  filter  may  become  a 
perfect  aquarium  in  itself. 

AH  filters  are  made  of  a  porous  substance,  whether  com- 
pressed into  blocks  or  not,  the  medium  being  in  small 
granular  pieces  having  interstices  between  them*  These 
act  very  well  when  they  deal  with  inert  matter,  but  when 
the  particle  to  he  arrested  is  alive  and  swimming  freely  the 
case  is  altered.  It  is  probably  drawn  into  the  filter  by  the 
rush  of  water,  or  swims  iu  and  finds  itself  wandering  about 
in  what  are  comparatively  hu^gc  caverns.  It  swims  on  and 
on,  turning  and  twisting  about  until  it  emerges  at  the  outlet 
of  the  filter,  and  is  at  large  in  the  filtered  water.  This  is 
more  specially  so  in  tlio  ease  of  those  filters  eoBstrncted  of 
coarse  granidar  substances,  and  it  is  obvious  that  the  finer 
the  material  the  smaller  will  be  the  organism  that  can  pass. 
But  this  is  supposing  the  case  of  a  free  swimming  organism. 
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Let  us  consider  what  will  happen  with  a  bacterium  growing 
in  chains,  &c.  The  pores  of  the  filter  may  be  too  small 
even  for  this  minute  body  to  pass  freely.  Very  well,  the 
bacterium  will  quietly  settle  against  the  side  of  the  filter 
or  on  its  exposed  part,  wherever  that  may  be,  and  begin  to 
grow.  As  it  grows  by  thrusting  out  shoot  after  shoot,  some 
of  these  will  penetrate  the  infinitely  minute  pores  of  the 
filter,  like  the  roots  of  ivy  on  a  brick  wall ;  and  in  time  it 
will  actually  penetrate  the  filter.  This  consideration  points 
out  the  fallacy  of  the  supposition  that  such  a  filter  can  be 
completely  cleaned  by  running  the  water  backward. 

The  action  of  a  filter  in  removing  matters  in  solution  in  a 
water  may  be  considered  as  twofold  in  character.  First,  the 
action  of  gravity  brings  about  the  adlierence  of  the  molecules 
to  the  sides  of  the  solid  matter  of  which  the  filter  is  com- 
posed, just  as  it  causes  a  chip  of  wood  floating  in  water  to 
adhere  to  the  sides  of  a  larger  fragment  or  of  a  boat. 
Second,  a  process  of  chemical  change  brought  about  either 
by  the  life  processes  of  bacteria,  or  a  process  of  "catalysis" 
resulting  in  slow  oxidation  under  favourable  conditions. 
The  law  of  gravity  teaches  us  that  both  the  larger  and 
smaller  particles  are  attracted,  and  actually  move  one  to  the 
other ;  but  as  the  movement  of  the  greater  mass  is  slower  in 
proportion  to  its  bulk,  so  the  movement  of  the  mass  of  a 
filter  towards  a  molecule  of  matter  dissolved  in  the  water 
will  be  only  practically  a  mathematical  expression,  whilst  the 
molecule  will  move  with  appreciable  rapidity.  Let  this  be 
tried  by  placing  two  pieces  of  wood  in  still  water,  the  larger 
piece  being,  say,  three  or  four  inches  square,  and  the  smaller 
only  a  splinter.  Place  them  half  an  inch  apart,  and  watch. 
The  mathematician  will  tell  us  that  both  will  move  towards 
each  other ;  but,  to  our  vision,  the  movement  of  the  larger 
will  be  imperceptible,  whilst  gradually  the  smaller  will  move 
towards  the  larger,  increasing  its  pace  until  it  finally  rushes 
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towards  it,  and  clingi^  with  no  little  force.    TMa  action  i$ 

doubtless  preoisely  that  which  takes  plew^e  in  a  filter.  If  the 
rapidity  of  the  stream  of  water  passing  through  the  pores  of 
the  filter  is  not  too  great,  the  minuta  particles  of  matter  in 
the  water  will  adhere  hy  the  action  of  gravity  to  the  walls  of 
the  oellfi  in  the  filter,  and  will  be  retained  there  nntil  they 
are  destroyed,  either  by  the  life-action  of  the  bacteria  whieh 
will  abound  in  the  filter,  or  by  a  process  of  slow  oxidation 
in  certain  cases.  If  the  substances  thus  removed  from 
the  water  are  mineral  in  character,  and  therefore  not  capable 
of  being  destroyed  hy  either  of  these  agencies,  they  will 
gradually  accumulate  until  the  cells  are  filled  with  them,  and 
the  filter  ^tH  be  in  the  condition  known  as  '*  choked  "  or 
**  sludged  up." 

This  deseription  of  the  action,  which  it  is  only  reaBOnable 
to  presume  takes  place  in  the  case  of  the  soUd  mattera  sus- 
pended in  a  water,  may  he  used  as  a  guide  to  that  which 
occurs  when  mattera  dissolved  in  the  water  are  removed 
therefrom  by  the  process  of  filtration. 

The  following  experiments  which  I  carried  out  in  1878 
will  help  to  illustrate  the  point*  A  solution  of  acetate  of 
lead  was  prepared,  of  such  strength  that  it  contained  metallic 
lead  in  the  proportion  of  one  grain  per  gallon*  This  was 
slowly  filtered  through  a  5|-ineh  carbon-block  filter,  when 
the  filtrate  was  found  to  contain  no  lead,  tlie  whole  having 
been  retained  in  the  pores  of  the  filter.  A  second  solution 
of  similar  strength  to  the  above  was  next  filtei-ed  rather  more 
rapidly,  wlien  the  first  portions  of  the  filtrate  contained  two- 
tenths  of  a  grain  of  lead  per  gallon,  and  the  last  portions 
three- tentlis  of  a  grain  per  gallon-  A  third  gallon  of  lead 
isolution  of  similar  streugth  was  then  passed  Uirough  the 
filter,  when  the  first  portions  of  filtrate  were  found  to  contain 
two4enths  of  a  g^ain  of  lead  per  gallon,  and  the  last  portions 
as  much  as  six-tenths  of  a   grain  per  gallon.     A  fourth 
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gallon  of  lead  solution  was  then  passed  througli  the  filter,  when 
the  filtrate  was  found  to  contain  five-tenths  of  a  grain  per 
gallon.  Thus  the  filter  gradually  lost  its  power  to  either 
(a)  take  up  lead  from  solution,  or  (b)  to  retain  that  which  it 
had  previously  absorbed.  If  we  consider  the  molecules  of 
lead  dissolved  in  the  water  as  synonymous  with  the  minute 
splinter  of  wood  above  referred  to,  we  can  follow  the  action. 
At  first  the  cell-walls  of  the  filter  are  free  from  lead,  and 
the  molecules  of  that  substance  adhere  to  them  by  the  action 
of  gravity  or  "  mass-act ion^ 

After  a  certain  quantity  of  load  had  been  taken  up, 
and  the  rate  of  passage  of  the  water  was  slightly  in- 
creased, the  filter  failed  to  retain  the  whole  of  the  lead,  which 
failure  may  be  compared  to  that  of  a  large  piece  of  wood 
failing  to  retain  small  chips  when  the  current  of  water  is 
strong  enough  to  wash  them  away  from  its  side.  Doubtless, 
as  it  appears  to  me,  some  of  the  molecules  of  lead  became 
attached  to  the  cell- walls,  whilst  others  more  loosely  adhering 
were  washed  free  again  by  the  force  of  the  current,  whilst 
others  again  passed  through  certain  cellular  passages  at  such 
a  pace  that  their  movement  was  faster  than  the  gravitational 
force  moved  them  to  the  cell-walls,  and  hence  they  passed 
through  the  filter.  Similar  results  were  obtained  with 
solutions  of  quinine  and  morphia.  At  first,  the  filter  removed 
the  whole  or  nearly  the  whole  of  the  alkaloid  from  solution, 
and  then  only  a  portion,  whilst  subsequent  rapid  filtration 
of  pure  water  removed  portions  of  the  alkaloids  from  the 
cells  of  the  filter. 

These  considerations  explain  why  a  finely-divided  material 
makes  a  better  filter  than  a  coarser  material,  because  the 
smaller  the  cells  of  the  filter  the  better  chance  is  there  for 
the  contact  action  induced  by  gravity  to  have  full  play,  and 
why  a  slower  rate  of  filtration  always  ensures  a  better  filtrate, 
as  too  rapid  passage  of  the  water  washes  away  the  "  chips  " 
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from  the  "  block."  It  will  further  be  easily  understood  why 
the  nature  of  the  substance  of  which  the  filter  is  composed 
is  of  less  importance  than  the  size  of  the  cells  of  which  the 
filter  is  made  up.  There  has  been  much  misconception  upon 
this  point. 

The  Filtration  of  Public  Water  Supplies, — ^The  following 
table  indicates  the  character  of  the  filter  beds  employed  by 
the  London  water  companies  for  filtering  the  water  taken 
from  the  rivers  Thames  and  Lea. 


Table  XLVII. 

Maximum  Depth  of  Sand  and  other  Materials  used  in  the  Filters 
of  the  London  Water  Companies.  Extracted  from  the  Report 
of  the  Water  Examiner y  General  A,  de  C  Scottyfor  the 
Month  of  November,  181)6. 

Chelsea, 

Sand,  &c.  ft.  in. 

Thames  sand 4  6 

Shell8,&c 0  3 

Gravel 3  3 

Total     8  0 

Fast  London. 

Sand,  &c.  ft.  in. 

Sand : 2  0 

Hoggin     0  6 

Coarse  gravel I  0 

Total     3  6 

Lambeth. 

Thames  sand  8  0 

Shell8,&c 1  0 

Coarse  gravel 3  0 

Total    7  0 
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Tablb  XLVII. — continued. 

Grand  Junction, 

Old  pattern —  ft.  in. 

Harwich  sand 2  6 

Hoggin    0  6 

Rne  gfravel 0  9 

Coarse  gfravel 0  9 

Bonlders 1  0 

Total    5  6 

New  pattern — 

Sand 2  0 

Ghwvel , 0  6 

Drains 0  8 

Total     2  9 


New  River, 

Sand 2    3 

Gravel 3    4 

Increasing  in  coarseness  towards  bottom. 


Total 


0     7 


Southtcark  and  VauxJialL 

Harwich  sand 3  0 

Hoggin    1  0 

Fine  gravel 0  9 

Coarse  gfrayel • 0  9 

Total    6  6 


West  Middlesex, 

Harwich  sand 1  9 

Barnes  sand    1  0 

Gravel 1  0 

Screened  to  different  susee  and  arranged  in  layers. 

3  9 


1). 
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Tablb  XLVm. 

Subsiding  and  Storage  Reservoirs  for  Unfiltered  Water;  Avails 
abk  Capacity  in  Gallons  per  Million  Gallons  Supplied. 

Ohdflea    12,200,000 

East  London 21,000,000 

Grand  Junction ,. 8,600,000 

Lambeth 6,180,000 

New  River 6, 120, 000 

Southwark  and  VanxhaU    4,300,000 

West  Middlesex 6,960,000 

Table  XLTX. 

Filtering  Area  m  Acres^  per  Million  Gallons  of  the  Average 

Daily  Supply. 

Chelsea 0*68 

East  London    0*64 

Grand  Junction I'lS 

Lambeth 0*50 

New  River  0*43 

Southwark  and  Vauxhall 0*61 

West  Middlesex 0-72 

Table  L. 

Average  Rate  of  Filtration  per  Square  Foot  per  Hour^  Gallons. 

Chelsea 1*76 

East  London    1*88 

Grand  Junction 1*68 

Lambeth 1-80 

New  River  2*26 

Southwark  and  Vauxhall 1*60 

West  Middlesex 1-26 

From  the  above  tables  it  will  be  seen  that  there  is  a  con- 
siderable divergence  in  the  system  adopted,  the  total  depth  of 
filtering  material  varying  from  8  ft.  in  the  case  of  the  Chelsea 
Company  to  2  ft.  9  in.  in  that  of  the  Grand  Junction  Company. 
In  conjunction  with  this  factor,  the  available  capacity,  in 
gallons  per  million  supplied,  of  the  subsiding  and  storage 
reservoirs  for  unfiltered  water  must  be  considered,  as  natural 
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sedimentation  plays  no  inconsiderable  part  in  relieving  the 
work  to  be  done  by  a  filter.  The  filtering  area  per  million 
gallons,  and  the  average  rate  of  filtration,  are  also  matters  of 
the  first  moment.  In  considering  Tables  XLIX.  and  L.,  it 
must  be  pointed  out  that  the  New  Eiver  Company  avails  itself 
largely  of  well  water ;  and  the  river  Lea,  above  its  intake, 
is  less  fouled  by  floods  than  it  is  lower  down  the  valley. 
The  Southwark  and  Vauxhall  and  the  Chrand  Junction 
Companies  have  the  means,  during  floods,  of  pimiping  from 
the  gravel  beds  adjoining  the  Thames,  and  this  is  practically 
equivalent  to  an  addition  to  their  storage  resources.  Any 
comparison  between  the  methods  of  the  respective  companies 
is  thus  rendered  extremely  difficult,  and  for  our  present 
purpose  unnecessary,  it  being  desired  to  point  out,  from  a 
general  standpoint,  the  character  of  the  operations  adopted, 
imder  most  skilful  advice  and  direction,  for  freeing  the  water 
derived  from  a  more  or  less  polluted  source  from  impurities, 
whether  held  in  solution  or  in  suspension. 

The  following  represents  the  composition,  according  to 
Professor  Mason,  of  some  filter  beds  on  the  Continent  and  in 
America : — 

Table  LI. 


Berlin. 

Warsaw. 

zarich. 

Hague. 

Endaon, 
N.Y. 

Ftmgli. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

ft.  in. 

Fine  sand 

1  10 

2     0 

2     8 

I     0 

0     6 

2    0 

Goarse  sand 

0     2 

— 

0    6 

0  10 

1     6 

— 

I4ne  graTel 

0     6 

0    2 

0    4 

— 

0     6 

— 

Medium  gravd .... 

0     5 

— 

— 

— 

0     6 

1    6 

Coarse  gravel   .... 

0    3 

0    3 

0    6 

0  10 

(aeashella) 

0    6 

"— 

Small  stones 

0    4 

1     0 

— 

— 

0    6 

0    6 

Large  stones 

1     0 

0  11 

— 

0    6 

2    0 

2    0 

Total 

4     6 

4    4 

4    0 

3    2 

6    0 

6    0 

r2 
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In  order  to  remove  the  grosser  particles  held  in  suspension 
in  the  water,  the  system  of  storing  it  in  large  reservoirs 
affords  a  most  valuable  and  in  many  cases  essential  auxiliary 
to  the  filtration  plant. 

The  process  of  sedimentation,  as  it  is  termed,  in  such 
reservoirs  not  only  assists  in  producing  a  clear  and  bright 
water  by  the  settlement  of  the  suspended  matters,  but  under 
favourable  circumstances  conduces  to  a  diminution  of  the 
impurities  actually  dissolved  in  the  water.  Dr.  Percy  Frank- 
land  has  shown  that,  in  a  certain  case,  the  nimiber  of  bacteria 
present  in  a  water  before  passing  into  a  storage  reservoir  was 
1,437  per  cubic  centimetre ;  after  storage,  these  were  reduced 
to  318 ;  and  after  storage  in  a  second  reservoir,  to  177  per 
cubic  centimetre.  This  fact  is  only  what  might  be  expected 
from  the  settlement  of  the  suspended  matters,  as  in  the 
course  of  my  own  experience  the  number  of  bacteria  almost 
always  followed  the  ratio  of  suspended  particles,  as  will  be 
seen  from  the  following  table : — 

Table  LII. 

T^«-«««*«««  «*  ^x^^¥^  Suspended  particles.  Bacteria, 

DetwnpUon  of  Water.  Griina  pc/gallon.  perc.c. 

Kent  Company's  supply,  1895   O'OOl  1     90 

NewRivor    „          ,,          ,,      00011     130 

West  Middlesex        „          ,,      00010  ....  130 

Chelsea                      „          „      00027  ....  139 

Grand  Junction         „          .,       00023     170 

East  London             ,,          „      0-0023     277 

Lambeth                    ,,          „       00033     294 

Southwark  and  Vauxhall    , ,       0-0056     352 

River  Thames  at  Sunbury 0-5360     16,061 

Sewage   300000     2,000,000 

The  results  in  the  ease  of  the  companies'  waters  and  that 
of  the  Thames  at  Sunbury  are  the  averages  of  daily  exami- 
nations during  twelve  months,  while  that  of  the  sewage  is 
the  mean  of  very  numerous  determinations  on  the  London 
sewage. 
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The  following  tabular  statement  by  Dr.  Percy  Frankland 
shows  the  character  of  the  sands  used  in  various  places  for 
water  filtration : — 


Table  LIII. 
Analf/sen  of  Samh  used  in  Water  Filtration, 


Sotirce. 


London — 

£a8t  London  Co 

»»  »>      •  

t«  It      •••••••« 

Grand  Junction   

»»  >»  

»»  »>  

Southwark  and  Vauxhall 

»»                        )» 
Lambeth   

»»        .....#.•..•... 

»»        • «••• 

GheUea 

Middlesbrough    

Birmingham 

»> 

Reading    

»>  •  • 

Antwerp   

>»  • 

Hamburg 

»»         

}» 

>»         • • 

»>         ».»#.»••........ 

Altona  

»»       •.•••• 

)»       .................. 

Berlin — 

Stralau 

>>        •  • 

>»        

Tegel     ! 

»»        ...§•• .» 

»» 

Miiggel 


Effective 
Hize;  10 

percent. 

finer than 
Milli- 
metres. 


0-44 
0-39 
0-37 
0-26 
0-40 
0-41 
0-38 
0-30 
0-36 
0-36 
0-25 
0-36 
0-42 
0-43 
0-29 
0-29 
0-30 
0-22 
0-38 
0-39 
0-28 
0-31 
0-34 
0-30 
0-34 
0-32 
0-37 
0-33 

0-33 
0-35 
0-34 
0-35 
0-38 
0-38 
0-35 
0-35 
0-33 
0-34 


Uni- 
formity  , 
ooeffident. 


Bemarlu. 


1-8 
21 
20 
1-9 
3o 
3-7 
3-5 
1-8 
2-3 
2-4 
1-7 
2-4 
1-6 
1-6 
1-9 
1-9 
2  5 
2-0 
1-6 
1-6 
2-5 
2-3 
2-2 
2-0 
2-3 
2-0 
20 
2-8 

1-9 
1-7 
1-7 
1-7 
1-6 
1-6 
1-6 
1-8 
2-0 
20 


I  [washed 

New    sand    never    used    or 
I  Dirty  sand,  very  old 
jSame,  washed  by  hand 
I  Sand  from  rough  filter 
Old  sand  in  final  filter 
■  Freshly  washed  old  sand 

„      old    „ 
New  unused  sand,  waahed 
New  extremely  fine  sand 
Freshly  washed  old  sand 
Dirty  Hand,  ordinary  scraping 
Same,  after  washing 
Dirty  sand 

Sand  below  surface  of  filter 
Dirty  sand 
Same,  after  washing 
Dirty  Hand 
Same,  after  washing 
Dirty  sand 
Same,  after  washing 
Dirty  sand,  another  sample 
Same,  after  washing  drums 
Same,  after  wanhing  ejectors 
Dirty  sand,  old  filters 
Same,  after  washing 
Washed  sand  for  new  filters 

Dirty  sand  pile 
Filter  No.  6, 3in .  below  surface 
Filter  No.  7, 3in.  below  surface 
Filter  No.l0,3in.belowsurf ace 
Dirty  sand,  old  filters 
Same,af  ter  washing,  old  filters 
,,  .,  newfilters 

Sandfrom  filters  below  surf  ace 
Dirty  sand,  ordinary  scraping 
Dirly  sand,  another  sample 


^M         246                       German  Government               ^^^^^^^M 
^M           Table  lAlL—eofiimned.                                               ^^^^^^H 

^^^^^^^H                         Qomxt^', 

iice;  la 

per  csect. 

fliiwthaii 

Milii- 

metraL 

Vni- 

foimity 

coeffideut. 

E^^kt,                           ^^1 

^H              Charlottenburg    ,,......«, 

0-40 
0^35 
0^39 
0-40 
0^39 
0-20 
0-28 
0^30 
0-10 
0-18 

0^31 

o-a4 

0-43 
0-32 

0-43 

0-30 
0-31 

2-3 
26 
2-0 
2-0 
1^8 
2^0 
3^2 
3-1 
1^6 
1^6 

1-5 
1-6 
1^5 

2-0 
2'S 

2^7 

2-6 
4^7 

Dirty  sand                                       _^^| 
New  Band  not  yet  used                   ^^^^H 
Dirty  sand                                       ^^M 
Same,  after  washing                       ^^^H 
Normal  new  sand                             ^^^H 
Naw  waahed  Danube  sand             ^^^H 
Dir^  sand                                      ^^H 
Same,  after  waghing                       ^^^H 
Dune  sand  ust?d  for  filtration                ^H 
Dune  sand  used  for  filtration ;          __^M 
dirty                                              ^^B 
Eiver  sand  ;  dirty                           ^^^H 
Dane  sand                                        ^^^H 
Eirer  sand  ;  new                            ^^^H 

3and  from  bottom  of  filter                    H 

New  eand  unwashed  and  un-                 ^M 

screened                                               ^H 

in  u^  thirty  to  forty  je&M                 ^M 
Dirty  sand                                               H 
Samt>^  after  washing                               ^H 

^H              Magdeburg 

^^1                                     TtT<A«1fl^ 

^^1              Budapcflt *.»,..,  ^ ,. , 

^^^H                           ^ii<innK                                                        1  1     1   1 

^^H                                Tfdf^^d                                                III! 

^^1             Schiedam  ,  < ^  * , ,  • ,  t  ^  * 

^^H               Amiterdam  i ,» ■***■...*., . 

^^^H                           "R/if+nTrliiTTi        ,   1   1    1  ir  ,    II 

^^H               Liverpool— 

^^H                  Rivmgtou                    >  t  i  ^ 

^^^^^P 

^^^^H          The  axceptionaUy  fine  eand  employed  at  some  of  the  Dutch  waterwarki             ^^^H 
^^^^B                                                 in  particularly  noteworthy.                                                     ^^^| 

^^^^          As  indieating  the  methods  recommended  for  the  guidance        ^^H 
^H           of  w&tBT  companies  in  Germany  the  following  regulations,             H 
^H           issued  hj  the  G-ennan  Government,  and  which,  it  is  under-        ^_^B 
^H           stood,  hare  been  drawn  up  under  the  Bupervision  of  Br.  Koch,        ^^H 
^H           will  he  of  interest  and  value : —                                                        ^^H 

^H               (1.)  In  judging  the  quality  of  a  filtered  surface  water,        ^^B 
^M           the  following  points  should  be  specially  observed  : — {a)  The             H 
^H           operation  of  a  filter  is  to  he  regarded  as  eatisf aotory  when  the         ^^B 
^H          filtrate  contains  the  smallest  possible  number  of  hacteriai  not        ^^M 
^H          exceeding  the  number  which  practical  exi>erienGe  has  shown        ^^H 
^H           to  be  attainable  with  good  filtration  at  the  works  in  question,             H 
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the  possibilities  of  the  works  and  the  influenoe  of  the  local 
conditions,  especially  the  character  of  the  raw  water :  and 
until  such  information  is  obtained  it  is  to  be  taken  as  the  rule 
that  a  satisfactory  filtration  shall  never  yield  an  effluent  with 
more  than  about  100  bacteria  per  cubic  centimetre.  (6)  The 
filtrate  must  be  as  clear  as  possible,  and  in  regard  to  colour, 
taste,  temperature  and  chemical  composition,  must  be  no 
worse  than  the  raw  water. 

(2.)  To  allow  of  a  complete  and  constant  control  of  the 
bacterial  efficiency  of  filtration  the  filtrate  from  each  single 
filter  must  be  examined  daily.  Any  sudden  increase  in  the 
number  of  bacteria  should  cause  a  suspicion  of  some  unusual 
disturbance  in  the  filter,  and  should  make  the  superintendent 
more  attentive  to  the  possible  causes  of  it. 

(3.)  Filters  must  be  so  constructed  that  samples  of  the 
effluent  from  any  one  of  them  can  be  taken  at  any  desired 
time  for  bacteriological  examination. 

(4.)  In  order  to  secure  uniformity  of  method,  the  following 
is  recommended  as  the  standard  method  for  bacterial  exami- 
nation : — The  nutrient  mediimi  consists  of  10  per  cent,  meat 
extract  gelatin  with  peptone,  10  cubic  centimetres  of  which 
is  used  for  each  experiment.  Two  samples  of  the  water  under 
examination  are  to  be  taken,  one  of  1  cubic  centimetre  and 
one  of  I  cubic  centimetre.  The  gelatin  is  melted  at  a 
temperature  of  30  deg.  Cent,  to  35  deg.  Cent.,  and  mixed 
with  the  water  as  thoroughly  as  possible  in  the  test-tube  by 
tipping  backwards  and  forwards,  and  is  then  poured  upon  a 
sterile  glass  plate.  The  plates  are  put  under  a  bell-jar  which 
stands  upon  a  piece  of  blotting  paper  saturated  with  water, 
and  in  a  room  in  which  the  temperature  is  about  20  deg. 
Cent.  The  resulting  colonies  are  counted  after  forty-eight 
hours,  and  with  the  aid  of  a  lens.  If  the  temperature  of  the 
room  in  which  the  plates  are  kept  is  lower  than  the  above, 
the  development  of  the  colonies  is  slower,  and  the  counting 
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must  be  correspondingly  postponed.  If  the  number  of 
colonies  in  1  cubic  centimeti'e  of  the  water  is  greater  than 
about  100,  the  counting  must  be  done  with  the  help  of 
Wolff  hiigers  appai'atus. 

(5.)  The  person  entrusted  with  the  oaxrying  out  of  the 
bacterial  esaminations  muet  present  a  certificate  that  he 
possesses  the  necessary  qualifications,  and  wherever  possible 
he  shall  be  a  regular  employe  of  the  water^^orks. 

(6.)  When  the  effluent  from  a  filter  does  not  correspond 
with  the  hygienic  requirements  it  must  not  be  used>  unless 
the  cause  of  the  unsatisfactory  working  has  already  been 
removed  during  the  period  covered  by  the  bacterial  exami- 
nations. In  Qme  n  filterj  for  more  than  a  very  short  timCj 
yields  a  poor  effluent,  it  is  not  to  be  used  until  the  cause  of 
the  trouble  is  found  and  corrected.  It  isj  however,  recognised 
from  past  experience  that  sometimes  unavoidable  oonditiong 
(high  water,  *^c.)  render  it  impossible,  from  an  engineering 
standpoint,  to  secure  an  effluent  of  the  standard  quality.  In 
such  cases  it  will  be  necessary  to  use  a  poorer  quality  of 
water ;  but,  at  the  mme  time,  if  such  conditions  arise  as  out- 
breaks of  epidemics,  suitable  notice  should  be  given  of  the 
condition  of  the  water, 

(7.)  Every  single  filter  must  be  so  built,  that  when  an 
inferior  effluent  results,  whiuh  does  not  conform  to  the 
standard,  it  can  be  disconnected  from  the  pmre-water  pipes 
and  the  filtrate  allowed  to  run  to  waste.  This  wasting  should 
as  a  rule  take  place,  so  far  as  the  arrangement  of  the  works 
will  permit, — ^(1)  immediately  after  scraping  a  filter;  and 
{2)  after  replacing  the  sand  to  the  original  depth.  The 
superintendent  must  himself  judge,  from  previous  experience 
acquired  by  the  continual  bacterial  examinations,  whether  it 
is  necessary  to  waste  the  water  after  these  operations,  and  if 
BO,  how  long  a  time  will  probably  elapse  before  the  water 
reaches  the  standard  purity^ 
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(8.)  The  best  sand  filtration  requires  a  liberal  area  of  filter 
Borfaoe,  allowing  plenty  of  reserve,  to  secure,  under  all  local 
oonditions,  a  moderate  rate  of  filtration  adapted  to  the 
character  of  the  raw  water. 

(9.)  Every  single  filter  shall  be  independently  regulated, 
and  the  rate  of  filtration,  loss  of  head,  and  character  of  the 
effluent  shall  be  known.  Also  each  filter  shall,  by  itself,  be 
capable  of  being  completely  emptied,  and,  after  scraping,  of 
having  filtered  water  introduced  from  below  until  the  sand  is 
filled  to  the  surface. 

(10.)  The  velocity  of  filtration  in  each  single  filter  shall  be 
capable  of  being  arranged  to  give  the  most  favourable  results, 
and  shall  be  as  regular  as  possible,  quite  free  from  sudden 
changes  or  interruptions.  On  this  account  reservoirs  must  be 
provided  large  enough  to  balance  the  hourly  fluctuation  in 
the  consumption  of  water. 

(11.)  The  filters  shall  be  so  arranged  that  their  working 
shall  not  be  influenced  by  the  fluctuating  level  of  the  water 
in  the  filtered-water  reservoir  or  pump-well. 

(12.)  The  loss  of  head  shall  not  be  allowed  to  become  so 
great  as  to  cause  a  breaking  through  of  the  upper  layer  on 
the  surface  of  the  filter.  The  limit  to  which  the  loss  of  head 
can  be  allowed  to  go  without  damage  is  to  be  determined  for 
each  works  by  bacterial  examinations. 

(13.)  Filters  shall  be  constructed  throughout  in  such  a  way 
as  to  insure  the  equal  action  of  every  part  of  their  area. 

(14.)  The  sides  and  bottoms  of  filters  must  be  made  water- 
tight, and  special  pains  must  be  taken  to  avoid  the  danger  of 
passages  or  loose  places  through  which  the  unfiltered  water 
on  the  filter  might  find  its  way  to  the  filtered-water  channels. 
To  this  end  special  pains  should  be  taken  to  make  and  keep 
the  ventilators  for  the  filtered-water  channels  absolutely 
tight. 
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(15>)  The  tliickness  of  the  sand-layer  shall  he  bo  great  that 
under  oo  circumstances  shall  it  be  reduced  by  scraping  to  less 
than  30  centimetres  (=  12  in*)?  and  it  is  desirfiblej  so  far  as 
local  oonditiona  allow,  to  increase  this  mmimum  limit. 
Special  attention  must  bo  given  to  the  upper  layer  of  sand, 
which  nxust  be  ammged  and  continually  kept  in  the  condition 
most  favourable  for  filtration.  For  this  reason  it  is  desiirable 
that>  after  a  filter  has  been  reduced  in  thickness  by  scraping, 
and  is  about  to  be  refilled^  the  sand  below  the  surface^  as  far 
as  it  is  discoloui^dj  should  be  removed  before  bringiag  on  the 
new  sand. 

(16.)  Every  city  in  the  German  Empire  using  sand-filtered 
water  is  required  to  make  a  quarterly  report  of  its  w^orking 
resulte,  especially  of  the  baoterial  character  of  the  water  before 
and  after  filtration^  to  the  Imperial  Board  of  Health* 

(17.)  The  question  as  to  the  establishment  of  a  permanent 
inspection  of  public  waterworks,  and  if  so,  under  what  con- 
ditions, will  bo  best  decided  after  such  quarterly  reports  have 
been  fxirnished  over  some  period  of  time. 


It  appears,  from  the  report  of  the  Water  Examiner  for  the 
metropolis,  General  A.  de  G  Scott,  R.E.,  for  the  month  of 
November,  1896,  that  in  August,  1893,  the  Local  Government 
Boardj  in  view  of  the  prevalence  of  cholera  on  the  Continent, 
its  possible  introduction  into  this  country,  and  the  importance 
of  the  efficient  filtration  of  the  Metropolitan  water  supply, 
requested  the  particular  attention  of  the  directors  of  the  water 
companies  to  the  following  points,  viz, : — 

(1.)  That  every  effort  should  be  made  to  maintain  the  layer 
of  sand  in  each  filter  at  the  greatefit  practicable  thickness* 

(2.)  That  the  rate  of  filtration  should  be  as  slow  as  possible, 
consistently  with  the  supply  of  the  required  quantity  of 
water* 
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(3.)  That  the  sand  removed  from  the  Burface  of  the  filters, 
irifh  the  deposit,  should,  if  it  was  to  be  replaced  in  the  filter, 
be  completely  freed  from  all  taint  of  organic  matter. 

It  is  an  opinion  generally  held  by  bacteriologists  who 
have  studied  water  filtration  from  their  own  point  of  view, 
that  the  longer  a  filter  has  been  in  use  the  more  bacterially 
effective  it  becomes,  and  that  the  cleansing  of  the  surface 
should  be  performed  as  seldom  as  possible.  This  opinion  is 
grounded  on  the  results  of  experiments. 

It  is  necessary  to  guard  against  the  conclusion  which 
might  follow,  that  the  return  to  the  filter  of  dirty  and  imper- 
fectly washed  sand  is  a  course  which  is  necessarily  safe  and 
even  expedient. 

The  sand  removed  from  the  surface  of  the  fields,  together 
with  the  mud  and  impurities,  mostly  of  vegetable,  but  to 
some  extent  of  animal  origin,  is  deposited  in  heaps,  where  it 
remains  for  some  months,  so  that  processes  of  decay  and 
putrefaction  are  set  up.  The  net  bacterial  result  of  these  pro- 
cesses is  undetermined,  and  may  be  totally  different  from  that 
which  obtains  on  the  surface  of  the  sand  under  water. 

This  consideration,  independent  of  those  which  may  be 
called  sentimental,  indicates  the  desirability  of  the  thorough 
washing  of  the  included  sand  before  its  replacement  on  the 
filters. 

It  appears  from  this  report  that  instructions,  drawn  up 
by  Professors  Frankland  and  Dewar,  with  reference  to  the 
manner  in  which  filtration  should  be  carried  out,  prescribe, 
amongst  other  things,  that  after  a  filter  has  been  re-charged 
with  water  an  interval  of  rest  should  follow,  during  which 
sedimentation  may  take  place,  causing  the  formation  of  a  skin 
or  layer  of  slime  or  mud,  which  apparently  constitutes  the 
most  effective  portion  of  the  filter  from  the  point  of  view  of 
bacterial  interception. 

In  the  course  of  a  paper  read  before  the  Institution  of  Civil 
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Engineers  on  November  24th,  1896,  Dr»  Percy  Frankland 
obsen  ed  in  refereEce  to  a  formar  paper  read  bj  tim  in  1886, 

as  follows : — 

"  The  priooipleB  then  enumerated  were  as  follows  : — 

"(1.)  To  give  the  maximum  period  of  storage  for  the 
unfiltered  water, 

"  (2.)  To  filter  at  a  minimum  rat©, 
,'^  (3.)  To  filter  througli  a  maximum  depth  of  fine  sand. 
'*  (4.)  To  frequently  renew  the  filtering  materiak. 

"In  reviewing  the  numerous  investigations  which  have 
since  been  carried  out  on  this  subject,  it  will  he  shown  that 
the  only  one  of  these  principles  which  requires  any  modifica- 
tion, bv  the  light  of  more  recent  research ,  18  the  last*  Further 
researehes  appear  to  ehow  that  the  power  of  arresting  hacteria 
poeflessed  by  a  filter-bed  suffers  no  dirainntion  with  age,  so 
that  frequent  scraping  is  not  neoessarj*  for  the  maintenance 
of  the  etficiency  of  the  individual  bed.  It  is,  however,  quite 
possible  that  it  may  he  of  advantage  for  the  efficiency  of  the 
filtration  pliint  taken  as  a  whole.  Thus,  by  running  a  filter- 
bed  over  a  long  period  of  time  without  cleaning,  its  peld 
becomes  diminished,  and  as  a  certain  volume  of  water  must 
be  supplied  daily,  this  may  necessitate  filtering  through  other 
beds  at  a  disadvantageously  high  rate,  and  so  obtainiug  a 
filtrate  from  the  cntii^e  works  inferior  in  bacterial  quality  to 
that  which  would  result  if  scraping  were  practised  more  fre- 
quently and  a  more  uniform  rate  of  filtration  employed  with 
all  the  beds." 

In  the  case  of  the  filtration  of  sewage  waters  it  has  been 
definitely  shown  that  the  continuous  passage  of  the  water 
through  a  filter  has  the  effect  of  rapidly  choking  the  pores  of 
the  bod,  and,  in  consequence  of  the  absence  of  an  ample  supply 
of  air,  putrefaction  will  soon  set  in ;  but  when  the  water  is 
applied  intermittently,  the  filter  being  thoroughly  drained 
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and  allowed  a  period  of  rest,  the  whole  of  the  organic  matter 
in  the  water  undergoes  a  process  similar  in  its  ultimate  effect 
to  that  produced  by  burning.  The  argument  follows  that  if 
this  is  the  case  with  one  class  of  organic  mattor,  why  not 
equally  so  in  the  case  of  a  water  charged  with  practically 
similar  organic  matter,  but  considerably  less  in  quantity  ?  It 
is  just  at  this  point  tliat  f urtlier  experiments  are  required. 
The  Massachusetts  experiments,  although  resulting  in  most 
valuable  information,  have  not  yet  been  sufficient  to  demon- 
strate the  point  in  all  its  bearings.  In  the  observations  of 
the  Massachusetts  State  Board  of  Health,  1890,  Part  II., 
page  601,  it  is  stated  that : — "  It  is  evident  that  the  impurities 
removed  from  the  water  during  those  two  months  (November 
and  December,  1887)  must  have  been  in  large  part  retained 
by  the  sand.  There  was  no  indication  of  any  burning  pro- 
cess by  which  the  organic  matter  could  be  changed  to  mineral 
matter.'*  This  result,  liowever,  was  changed,  as  on  page  610 
of  the  same  volume  it  is  observed  : — "  Without  knowing  all 
of  the  conditions  that  are  essential  to  nitrification,  we  find  in 
several  of  the  tanks  what  appear  to  bo  striking  parallels  to 
the  conditions  that  would  exist  if  the  organic  material  were 
burned  by  fire.  Tliere  must  first  be  an  accumulation  of  com- 
bustible material.  When  started,  the  rapidity  and  complete- 
ness of  combustion  is  greatest  where  most  material  has  been 
accumulated.  In  filter  No.  8  the  greatest  rapidity  of  burning 
was  in  May  and  June,  1888,  after  four  months  of  accumula- 
tion, with  no  nitrification.  This  was  followed  by  two  months 
of  slow  burning,  growing  more  feeble,  until  extinguished  in 
September.  Some  accumulation  of  material  occurred  in  the 
next  three  months,  and  the  burning  again  started  in  December, 
and  continued  feebly  through  the  cold  months,  and,  becoming 
more  active  in  April  and  May,  burned  with  greatest  intensity 
in  June,  though  with  less  intensity  and  shorter  duration  than 
in  the  previous  year,  apparently  for  the  reason  that  there  was 
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less  to  bum,  until — ^the  stored  material  being  nearly  exhauBted 
— it  burned  feebly  but  continuously  the  organic  matter  daily 
supplied  through  the  following  months." 

It  cannot  be  overlooked  that  even  when  the  greatest  pos- 
sible care  is  exercised,  there  yet  remains  a  danger  from  the 
accidental  breakdown  of  the  system  of  filtering  water  on  a 
large  scale,  and  as  the  strength  of  a  chain  is  but  that  of  its 
weakest  link,  it  is  useless  to  point  to  the  satisfactory  results 
obtainable  when  the  system  is  working  at  its  best. 

In  order  to  provide  against  such  contingencies,  when  a 
water  is  drawn  from  a  polluted  source,  there  can  be  but  few, 
if  any,  better  systems  than  that  of  Dr.  Clark's  system  of 
softening  the  water  wherever  possible.  As  will  be  seen  in  the 
next  chapter,  the  effect  of  this  system  is  to  remove  practically 
all  but  the  last  minute  traces  of  impurity,  and  thus  to  con- 
stitute a  second  line  of  defence  in  case  of  the  breakdown  of 
the  filters,  or  one  of  them,  in  addition  to  yielding  a  supply  of 
water  of  far  greater  commercial  value  by  reason  of  its  better 
adaptability  for  use  in  steam  boilers,  hot- water  systems,  and 
the  reduced  consumption  of  the  domestic  soap,  which  item 
alone  would  effect  an  economy  more  than  equal  to  the  cost  of 
the  system. 
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CHAPTER  XV. 

SYSTEBiATIC  EXA.MINATION  OF  P0TA3LE  WATER. 

The  nooessity  for  special  investigation  into  the  character  of 
the  microbes  in  water  is  brought  out  very  clearly  by  the 
presence  of  epidemics  iu  various  parts  of  the  country.  Over 
and  over  again  the  same  sequence  of  events  has  happened. 
Individuals  arid  authorities  have  been  warned  that,  if  a 
certain  condition  of  things  continues,  disease  will  infallibly 
follow,  and  in  response  one  is  often  told  that  one  is  only  an 
alarmist.  The  sad  object  lesson  of  the  Maidstone  epidemic 
is  but  Nature^s  answer  to  all  those  who  persistently  adhere 
to  the  old  methods.  Wlion  authorities  recognize  the  fact 
that  practical  immunity  can  bo  secured  by  taking  advantage 
of  the  knowledge  obtainable  by  means  of  systematic  analyses 
of  the  water  daily,  or  at  least  weekly,  we  shall  be  in  a  far 
stronger  position  to  defeat  the  foe  which  insidiously  approaches 
in  the  form  of  disease  of  a  most  deadly  character. 

What  would  be  thought  of  a  military  encampment  in 
which  sentinels  were  posted  only  when  the  enemy  was  in 
sight  ?  And  yet  what  is  the  difference  between  this  state  of 
things  and  that  in  which  we  allow  ourselves  to  be  as  regards 
the  approach  of  the  foe  in  the  shape  of  disease  ?  The  objec- 
tion to  a  daily  analysis  can  only  be  on  the  score  of  expense. 
If  in  the  course  of  a  series  of  analyses  conducted  on  the 
ordinary  simple  lines  a  water  should  show  a  departure  from 
its  normal  character,  further  more  elaborate  investigation 
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naight  be  called  in  to  elucidate  the  point,  just  as  the  signal 
fired  by  a  sentiy  calls  out  the  guard.  Water  companies  and 
authorities  think  nothing  of  the  emplojnnent  of  am  extra 
labourer  now  and  then,  and  jet  they  ^eem  to  Tiew  with 
horror,  and  as  something  altogether  unnecessary,  the  idea  of 
appointing  a  chemist  whose  duty  it  would  be  to  stand  on 
guard  and  to  give  them  instant  notice  of  the  first  approach 
of  danger.  I  know  tliiit  in  speaking  thua  plainly  I  lay 
myself  open  to  the  charge  of  trying  to  make  a  ease  for  my 
professional  brethren  as  well  as  myself*  Well,  let  that  be  so 
to  those  who  choose  to  lay  this  to  my  acc-ount :  it  does  not 
alter  the  fact  that  even  in  tlie  case  of  the  vast  multitude  of 
people  gathered  together  in  the  mighty  city  of  London  their 
interests  in  this  respect  are  only  offioially  safe- guarded  by 
the  examination  of  one  sample  of  water  taken  occasionally 
from  each  company's  supply.  True  it  is  that  the  com- 
panies themselves  have  for  some  time  past,  since  they  came 
to  the  conclusion  that  their  interests  were  in  jeopardy, 
taken  matters  into  their  own  hands,  and  also  that  the 
water  consumers,  as  represented  by  the  London  County 
Council,  have  made  in?estigatious  with  the  result  of  show- 
ing certain  defects  hitherto  unsuspected,  and  which  the 
companies  have  wisely  remedied  in  great  part*  The  daily 
examination  of  the  water  supplied  should,  however,  be  made 
systematic,  and  the  results  as  carefully  watched  as  are  the 
returns  by  the  Eegistrar-General  of  the  deaths  occurring  in 
the  community.  There  can  be  no  shadow  of  doubt  that  if  the 
Maidstone  water  had  been  subjected  to  a  systematic  daily 
analysis  of  samples  drawn  from  each  source  of  supply 
the  recent  sad  disaster  would  never  have  happened*  The 
lesson  is  obvious.  Let  all  authorities,  whether  companies  or 
councils,  take  the  matter  to  heart,  and  insist  upon  the  ex- 
amination being  dmhj,  or  nearly  so.  Once  a  month  or  onoe  a 
quarter  is  insufiicient,  and  would  only  show  a  flegree  of 
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oonfidenoe  altogether  misleading  and  dangerous.  What  a 
tremendous  to-do  there  is  if  the  dust  is  not  frequently 
removed  from  our  premises,  or  if  the  roads  are  not  swept  to 
our  liking — ^if  all  the  little  matters  which  go  to  make  up 
modem  life  are  not  regularly  looked  after !  And  yet  we 
allow  one  of  the  most  vital  of  oui*  daily  requirements  virtually 
to  look  after  itself. 

In  the  course  of  my  evidence  before  Lord  Balfour's  Royal 
Commission  on  the  Metropolitan  Water  Supply,  I  instanced 
this  absurdity,  and  drew  attention  to  the  fact  that  in  the  case 
of  our  gas,  which  chiefly  concerns  our  pockets,  we  spend 
thousands  of  pounds  annually  in  making  daily  examinations 
as  to  its  quality  and  quantity.  In  London  alone  there  is  a 
staff  of  no  less  than  twenty-three  gas  examiners,  whose  daily 
duty  it  is  (including  Sundays)  y  at  as  many  stations,  to  examine 
and  report  as  to  the  quality  of  the  gas  supplied  to  their  respec- 
tive districts.  There  are  two  superintending  gas  examiners, 
one  under  the  City  of  London  and  the  other  under  the 
London  County  Council,  whose  duty  it  is  to  supervise  the 
above  staff ;  a  Chief  Gas  Examiner,  who  holds  a  position 
equal  to  that  of  a  judge  in  regard  to  technical  points  in  con- 
nection with  the  operations  of  the  examiners  and  the  pleas  of 
the  companies,  as  to  the  defects,  if  any,  arising  from  unavoid- 
able causes  or  accidents ;  and  three  Gas  Eef erees,  appointed 
by  the  Board  of  Trade,  whose  duty  it  is  to  presmbe  and 
certify  from  time  to  time  the  mode  of  testing,  and  the 
apparatus  to  be  used  in  making  the  tests.  All  this  elaborate 
machinery  costs  the  ratepayers,  directly  or  indirectly,  no  less 
than  £6,000  per  annum  merely  in  regard  to  that  which 
touches  their  pockets,  while,  on  the  other  hand,  the  only 
money  spent  in  looking  after  the  water  supply  is  a  few 
himdred  pounds  paid  by  the  Local  Government  Board  on  the 
examination  of  occasional  samples  of  the  water  supplied  by 
each  of  the  eight  companies  per  month.     What  a  contrast ! 

D.  s 
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In  the  case  of  gas,  a  large  etaff  of  examiners  is  on  duty  each 
day,  tsarrying  out  the  most  sever©  testa,  while  in  the  ease  of 
the  water  supply  one  poor  pint  or  two  is  tested  once  a  month. 

Siuce  the  agitation  with  respect  to  the  proposed  purchase 
of  the  water  companies  became  almost  incessantj  they  have 
thought  fitj  and  rightly  so,  to  protect  their  interests  by 
having  the  water  examined  daily  in  order  that  they  may  be 
able  to  show  that  it  is  above  suBpicion,  In  this  case,  how- 
ever, the  work  is  not  undertaken  so  much  for  the  purpose  of 
showing  any  default,  should  it  exist,  as  to  protect  the  com* 
mereial  interests  of  the  shareholder.  The  effect  may  he 
good,  but  the  motive  is  not  the  true  one*  The  work  should 
be  undertaken  wholly  and  solely  in  the  interests  of  the 
pubUc,  and  not  to  support  commercial  interests,  however  good 
and  reasonable  they  may  he. 

In  regard  to  the  methods  of  analysis,  the  biological  pro- 
oesaes  which  have  come  to  the  front  of  late  years  must  have 
a  foi^most  place  so  fai^  as  the  ultimate  information  wMoh 
may  be  obtained  is  concerned,  but  in  regard  to  the  practical 
utiUty  for  the  moment  as  serving  to  sound  the  note  of 
warning,  the  chemical  and  microscopical  methods  are  far  to 
be  preferred,  as  the  lattor  is  capable  of  giving  almost  instant 
notice  of  the  approach  of  danger.  In  this  respect  it  is 
questionable  whether  any  method  can  exceed  in  rapidity, 
simpUoity,  as  well  as  reliability,  the  micro-filter  method  of  ex- 
amination explained  in  the  Appendix^  and  further  illu&trated 
in  connection  with  the  examination  of  the  London  water 
supply.  By  its  means,  within  an  hour  or  so,  more  or  less, 
according  to  the  skill  of  the  operator  and  the  quoHty  of  the 
water,  the  character  of  a  sample  can  be  indicated  with  the 
utmost  reliability,  and  the  test  can  be  repeated  again  and 
again  upon  sample  after  sample  from  different  reservoirs  and 
filter  beds  or  sources  of  supply,  and  the  cause  of  the  trouble, 
when  it  arises,  sought  out  at  once  and  stopped  long  before 
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any  serious  damage  is  done  ;  whereas  by  the  biological 
methods  days  must  elapse  before  any  indications  are  obtain- 
able. In  the  latter  case  it  is  the  old  story  of  locking  the 
stable  door  after  the  steed  has  flown,  whilst  in  the  former 
the  groom  is  always  on  guard,  and  the  thief  is  detected 
at  the  moment  of  his  approach.  In  consequence  of  the 
simplicity  of  the  micro-filter  method  the  expense  of  the 
examination  is  reduced  to  a  minimum,  and  therefore  there 
is  all  the  less  excuse  for  its  neglect. 

The  proper  course  to  be  pursued,  I  suggest,  is  that  a  sample 
of  water  should  be  examined  each  day,  or  nearly  so,  by  the 
micro-filter  process,  and  that  this  should  be  supplemented  by 
a  thorough  chemical  and  bacteriological  examination  imder- 
taken  from  time  to  time,  the  more  often  the  better.  By  such 
a  systematic  search  the  danger  of  the  propagation  of  disease 
by  water-carried  impurities  would  be,  to  all  intents  and  pur- 
poses, removed. 
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CHAPTEE  XVI. 

THE  CHARACTER  OF  THE  LONDON  WATER  SUPPLY. 

In  the  course  of  a  series  of  analyses  which  I  was  called  upon 
to  make,  certain  new  features  came  to  light  which  threw  into 
prominence  a  point  of  interest  hitherto  to  a  great  extent 
overlooked ;  this  is,  that  the  various  matters  held  in  suspen- 
sion, in  presumably  pure  waters,  although  small  in  quantity, 
are  yet  often  of  such  a  kind  as  to  throw  considerable  light 
upon  a  sample  of  water,  even  after  the  old  methods  of 
analysis  fail  to  distinguish  the  difEerence  between  one  sample 
and  another. 

For  the  purpose  of  a  recent  inquiry  into  the  quality  of  the 
water  supplied  to  London,  I  had  the  opportunity  of  making 
daily  analyses  of  the  water  of  the  river  Thames  at  the  com- 
panies' intakes  and  of  the  filtered  water  supplied  by  the 
respective  companies  drawing  therefrom ;  also  the  water 
supplied  by  the  Kent  Company,  and  by  the  two  companies 
dra\ving  their  supplies  from  the  river  Lea  and  New 
Eiver.     (See  Diagram  N.) 

The  information  thus  obtained  forms  a  valuable  guide  in 
judging  the  result  of  the  examination  of  samples  from 
various  sources,  as  the  tabulated  results  form  a  useful  series 
of  standards  for  reference. 

At   first   these   suspended   matters  were  examined  only 


Suspended  Matters.  261 

qualitatively,  but  it  soon  became  apparent,  as  the  work  pro- 
ceeded, that  the  quantity  was  sufficient,  if  properly  collected, 
to  admit  of  exact  determinations,  and  thus  more  particularly 
identify  them  with  the  unfiltered  river  water.  The  collection 
was  therefore  conducted  on  a  much  larger  scale  by  subsidence 
in  special  glass  vessels  ;  but  it  was  found  that  the  hard  filter 
papers  now  in  common  use  formed  an  admirable  medium  by 
which  the  solid  particles  could  be  collected  each  day  and  treated 
with  a  dilute  solution  of  bichloride  of  mercury  to  prevent  de- 
composition, until  their  microscopical  examination,  as  well  as 
chemical  analysis,  was  made.  By  this  means  not  only  the 
quality  but  the  exact  quantity  was  estimated,  and  thus 
further  light  was  thrown  upon  the  much- vexed  question  of 
the  analytical  examination  of  water.  A  modification  of  this 
method,  in  which  a  specially-constructed  micro-filter  is  em- 
ployed, has  enabled  determinations  of  the  relative  quantity, 
in  terms  of  volume  instead  of  weight,  of  the  suspended 
matters  to  be  made  on  quantities  of  water  too  small  even  for 
an  ordinary  analysis.  The  results  of  this  method  are 
embodied  in  the  table  of  analyses  imder  the  head  of  "  milli- 
metres of  suspended  matter  in  micro-filter  from  one  litre  of 
water." 

This  process  was  a  development  of  that  adopted  for  col- 
lecting the  floating  particles  for  the  purposes  of  microscopical 
examination,  and  by  this  means  ensuring  the  inclusion  of  the 
total  number  of  such  particles  under  one  cover  glass,  thus 
securing  greater  rapidity  as  well  as  accuracy. 

Previous  to  this  inquiry  it  does  not  appear  that  any 
such  quantitative  methods  had  been  employed.  It  is  dear 
that  either  vegetable  or  animal  substances  may  be  quanti- 
tatively indicated  in  terms  of  carbon,  nitrogen,  ammonia, 
and  so  forth ;  but  such  methods  of  expression,  though 
valuable  imder  certain  oiroumstances,  oonvey  but  little 
idea  of  their  relative  charaoter,  or  whether  they  are  in 
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a  fresh  and  wholeaome  oondition  or  in  &  state  of  pntrefao- 
tion. 

The  average  results  of  dally  analyses  during  nearly  twelve 
months  ending  Decemher,  1895,  are  given  in  the  table  on 
pag:e  266. 

It  will  be  noticed  that  the  average  quantities  of  suspended 
matters  present  in  the  Kent,  West  Middlesex,  and  New 
Eiver  supplies  were  praotically  identical,  namely,  0*0011, 
O'OOIO,  and  0^0011  grain  per  gallon  respectively,  so  that  the 
Weet  Maddleses  Company  found  it  possible  to  so  pmif}^  and 
store  the  water  that  in  this  respect  it  bears  comparison  with 
waters  which  are  generally  accepted,  in  view  of  their  source, 
as  beyond  suspicion*  This  quantity  may  therefore  he  looked 
iipon  as  that  unavoidably  due  to  rust  and  dust,  and  forms  a 
standard  whereby  to  judge  the  quality  of  the  remaining 
supplies.  Taking  the  average  quantity  of  suspended  matter 
found  during  this  inquiry  in  tlie  water  supplied  by  the 
Southwark,  Lambeth,  Chelsea,  Grand  Junction,  and  Eaat 
liondon  Companies  as  0^0033  grain  per  gallon,  and  deducting 
therefrom  the  0  0011  imavoidable  or  rust  and  dust  matters, 
found  as  above,  we  have  0*0022  chemically  iiiy  grain  per 
gallon  as  obviously  avoidable  suspended  matters  present  ia 
the  filtered  water  supplied  to  consumers. 

How  far  this  factor  would  have  been  increased  had  such 
estimation  of  the  suspended  matters  been  made  during  the 
bad  season  of  November  and  December,  1891,  it  is  difficult 
to  judge;  hut  from  the  improvement  effected  in  the  colour 
of  the  water,  as  well  as  in  its  analytical  character,  it  is  open 
to  the  assumption  that  the  suBpeuded  matters  largely  exceeded 
tiose  present  during  1895. 

The  table  on  page  304  shows  tiie  relative  quantity  of 
suspended  matters  present  in  the  various  supplies  when 
determined  gravimetrieally  and  by  the  micro-filter* 

From  this  table  it  will  be  seen  that  there  is  roughly  an 
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indioation  of  the  quality  of  the  suspended  matter  from  the 
ratio  of  mm.  in  micro-filter  per  litre  of  water  to  grains  of 
actual  suspended  matter  per  gallon ;  thus  the  average  of  the 
Kent  Company's  water  for  the  six  months  ending  November, 
1895,  gave  a  ratio  of  0*0023  grain  per  gallon  per  mm.  in  the 
micro-filter ;  in  like  manner  the  New  Eiver  Company  showed 
a  ratio  of  0*0033 ;  the  West  Middlesex,  0*0022 ;  the  Chelsea, 
0*0052;  the  East  London,  0*0042;  the  Grand  Junction, 
0-0057  ;  the  Lambeth,  0*0052  ;  and  the  Southwark  and 
Vauxhall,  00056.  From  this  it  is  seen  that  when  the  water 
is  purer  the  weight  of  suspended  matter  per  imit  volume  is 
least — a  fact  which  is  evident  on  microscopical  examination ; 
as  in  the  purer  waters  only  a  few  fibres  with  a  little  debris 
were  generally  present,  in  contrast  with  nimibers  of  particles 
of  dihris  and  decaying  organic  matter,  with  numerous 
diatoms,  &c.  in  the  case  of  those  waters  which  bear  the  least 
resemblance  to  the  Kent. 

Li  the  course  of  twelve  months'  determinations  of  the 
quantity  of  suspended  matters  present  in  the  Kent  Company's 
supply  during  1895, 1  found  that  the  average  was  0*0011  grain 
per  gallon.  This  quantity  I  have  ascribed  to  unavoidable 
rust  and  dust,  and  it  may  be  safely  concluded  that  any  sus- 
pended matter  less  in  quantity  than  this  amount  may  be 
neglected  as  of  no  importance. 

My  own  experience  with  many  waters  leads  me  to  think 
that  no  serious  notice  need  be  taken  of  any  quantity  less  than 
1  mm.  per  litre,  equal  to  0*004  grain  per  gallon,  as  shown 
above,  or  even  a  larger  quantity,  unless  it  is  observed  there 
is  definite  microscopical  evidence  of  objectionable  contamina- 
tion and  the  chemical  analysis  shows  a  questionable  state  of 
things. 

The  chemical  examination  of  the  character  of  the  suspended 
matter  gave  very  remarkable  results.  For  the  puipose  of  this 
oomparison  the  dry  matters  obtained  from  the  water,  either 
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by  natural  subsidence  or  filtration,  were  examined  for  the 
nitrogen  present  in  combination  with  the  organic  matter. 
The  average  percentage  quantity  found  is  set  out  in  the 
following  table  and  Diagram  O : — 


Table  LIV. 

Nitrogen  per  cent,  on  Volatile  Organie  Matter. 

Chalk Kent 212 

ISouthwark    3-44. 
Lambeth    3-42  j 
Chelaea 2-97  [  3-27 
Grand  Junction   ....  3*66  j 
West  Middleeex  ....2-86^ 

New  River    New  River    2*86 

Lea East  London    2*97 

Thames  Litakes   Banbury    4*06 

For  comparison,  the  following  results  of  the  estimation  of 
the  quantity  of  nitrogen  present  in  known  samples  of  polluted 
mud  are  given : — 

Table  LV. 

Sewage  mud 6*20 

Known  polluted  river  mud 4*40 

Suspended  matter  in  Thames  at  Sunbury 4*06 

Pure  river  mud  from  the  Fitzroy  River,  Queensland. ...  2*70 

These  results  clearly  point  to  the  conclusion  that,  apart  from 
the  question  of  quantity,  the  suspended  matters  present  in 
three  of  the  companies'  filtered  supplies  approximated  more 
or  less  nearly  in  character  to  those  in  the  unfiltered  river 
waters  at  the  companies'  intakes. 


Diagram  0« 

LONDON  WATER  SUll^LY. 

Ihitffram  shuwimj  PfTt^euiage  0/  NUritgrn  in   Volatile  {Or^ettm}  Miiiitm  kM  in 
Smpenmon  m  Varmat  Water»,  d&c. 
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MICROSCOPICAL  CHARACTER  OP  THE  SUSPENDED  MATTERS. 

The  conclusion  drawn  from  the  consideration  of  the  relative 
chemical  character  of  the  suspended  matters  in  the  unfiltered 
river  water,  compared  with  those  in  the  filtered  supplies,  is 
borne  out  by  the  results  of  the  daily  microscopical  examina- 
tion of  all  samples  collected,  the  average  results  of  which  are 
set  out  in  the  condensed  table  below. 


Table  LVI. 

Percentage  Number  of  Samples  returned  as  **  Objectionable  '*  •  by  the 
Mieroscopie  Examination, 


BetoniedaB 
objectaonable. 


Kent 

Sonthwark    . . . 

Lambeth    

Chelsea 

Grand  Junction 
West  Middlesex 

New  River 
East  London 


284 


285 


Per  cent. 
18 


286 

47 

284 

84 

282 

22 

285 

25 

285 

24 

•• 

30 

286 

21 

30 


*  *'  Objectionable"  samples  are  those  which  contained  a  comparatively 
large  quantity  of  debris^  microscopic  eels  (angaillulae),  &c.,  decaying  dSbrie 
infested  with  bacteria,  the  larger  infusoria,  such  as  paramedum,  rotifera,  &o.y 
epithelium  scales,  &c. 


These  percentages  were  then  calculated  into  total  quantitieB 
of  objectionable  matter  present  on  the  actual  estimation  of  the 
weights  of  suspended  matters  f  ound,  and  are  thus  set  out  in 
column  4  of  the  following  table. 
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Table  LVII. 


CoiBpttfif. 


Kent    

New  River ,,,.,,,, 
West  Middleaex  , , 
Chal«ea  .».,.*,.,, 
Grand  Jimclian. , . , 
East  IxmdoD  .  *  ^ , . . 
Lambeth  ,««*«*,«,< 
Bouthwurk  ,,.,,,<, 
Intake  at  Sunbniy. 


Avernffe 


Ml 


mstteiJi, 


OOOll 
O^OOU 
D-OOlO 
00027 
0-0023 
0-0023 
0-0033 
00050 
0-5360 


19S 
231 
240 

676 

810 

1,122 

2,632 

434,160* 


0^84 
1-44 
1  43 
1*87 
2-06 
1-35 
1-86 
1-68 
I'Ol 


it 


0 
16 
14 
52 
47 
36 
61 
94 
5,414 


220 

390 

3il 

1^268 

1,146 

878 

1,488 

2,29a 

132,049 


n 


0O|  O'OIS 
130  0*041 


130 
13B 

no 

277 

294 

352 

16,061 


0-072 
0*064 
0*069 
O'OeO 
0-071 
0-078 
0*128 


*  Note. — The  microscopical  examination  includes,  with  the  organic,  the  mineral 
matter,  which  is  proportionately  larger  in  the  case  of  the  intake  waters  than  in  the 
filtered  supplies ;  hence  the  objectionable  matters  appear  to  be  greater  by  the 
microscopical  examination  than  those  estimated  by  the  nitrogen,  which  relates  solely 
to  organic  matter. 

The  practically  complete  coincidence  between  the  various 
methods  of  examination — ^namely,  the  physical,  as  the  esti- 
mation of  the  weight  of  the  suspended  matters  may  be 
called ;  the  chemic«il  and  microscopical  examination  of  their 
character ;  the  biological  examination  as  to  the  actu«il  number 
of  bacteria  present  in  a  given  sample  of  water;  and  the 
strictly  chemical  examination  as  to  the  quantity  of  oxidisable 
organic  matters  dissolved  in  the  water — is  very  striking. 
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The  unfiltered  river  water  contained  a  mass  of  matters  of 
generally  indefinite  character  included  imder  the  head  of 
dibris ;  but,  in  addition  to  these,  certain  noticeable  features 
were  distinct,  amongst  which  the  diatomacece  were  predomi- 
nant ;  entozoic  worms,  various  dyed  and  undyed  textile  fibres, 
such  as  wool,  cotton,  silk,  &c.,  were  not  infrequent,  together 
with  numerous  infusoria  and  bacteria. 

The  results  of  the  examination  of  the  filtered  supplies 
indicated  the  frequent  presence  of  all  these  substances,  and  in 
the  majority  of  cases  it  would  have  been  difficult  for  a  careful 
observer  to  conclude  from  the  examination  of  equal  quantities 
of  the  preparation  under  the  microscope  whether  it  was 
drawn  from  the  imfiltered  river  water  or  from  one  of 
the  filtered  supplies.  Diatoms  were  always  present,  and 
not  infrequently  anguillulae  also;  but  the  most  noticeable 
and  objectionable  feature  was  the  frequent  presence  of  frag- 
ments of  matter  in  a  state  of  decomposition  and  swarming 
with  bacteria.  The  presence  of  such  particles  cannot  be 
accepted  as  inevitable  in  the  case  of  a  pure  water  supply,  as, 
if  the  filter-beds  are  properly  worked,  it  should  be  impossible 
for  such  matters  to  pass  them,  whilst  if  their  presence  be  due 
to  dust  getting  into  the  pure- water  reservoirs,  evidently  greater 
care  should  be  taken  to  keep  them  clean.  That  a  particle  of 
dust  might  be  so  introduced  is  not  to  be  doubted,  in  view  of 
the  fact  that  on  a  few  occasions  the  Kent  supply  was  found 
to  contain  such  matters  in  small  quantities,  but  evidently 
accidentally  so,  as  compared  with  their  more  frequent  presence 
in  larger  quantities  in  the  filtered  river  waters. 

From  the  results  of  this  work,  it  is  clear  that  much 
more  may  be  learnt  from  the  proper  collection  and  ex- 
amination of  the  suspended  matters,  however  small,  in  a 
sample  of  water  than  has  hitherto  been  supposed,  and  I 
venture  to  suggest  that  in  future  all  samples  of  water  should 
be  so  examined. 
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A  great  point  hag  been  made  in  recent  years  of  the  number 
of  bact^^ria  present  in  a  water,  bat  from  the  experience  now 
obtained  it  would  seem  as  if  the  number  of  baoteria  depended 
more  upon  the  quantity  of  suspended  matter  than  on  any 
other  factor, 

Confiiderable  differences  have  been  obtained  in  the  estima- 
tion of  the  number  of  bacteria  by  different  observers.  It 
would  now  seem  possible  that  these  differences  are  occasionally 
due  to  the  fact  that  in  one  sample  certain  particles  of  decay- 
ing matters  may  have  been  present,  although  absent  in 
another — a  result  which  would  account  for  many  hundrede, 
if  not  thousands,  of  colonies  being  obtained  by  one  experi- 
mentalist and  but  few  by  another,  quite  apart  from  the 
known  differences  due  to  varying  methods  of  prooeduret 
temperaturej  &c. 


BACTERIOLOGICAL  EXAMINATION* 

The  esamination  of  the  daily  samples  of  water  for  the 
number  of  bacteria,  as  determined  by  the  number  of  colonies 
developed  on  gelatin  plates,  yielded  interesting  results,  and 
afforded  further  evidence  of  the  improvement  effected  in 
the  various  filtered  supplies. 

The  following  is  a  condensed  tabula  statement  of  the 
average  number  of  microbes  present  in  the  water  collected 
from  standpipes  in  various  parts  of  the  respeotive  companies^ 
districts. 
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Table  LVIII. 


Month. 

1 1 

a9    S38 
90  1  54r5 

793 

i^a 

238 
286 

88 
204 
lfl2 
S3B 
124 

69 
366 

294 

127 

161 

16.> 

1S& 

339 

158 

95 

108 

71 

61 

55 

13B 

ll 

111 

201 

ns 

SSI 
181 
263 
119 
11.1 
43 
,  16& 

170 

II 

m 

92 
294 
135 
142 
231 
113 

96 

fto 

54 

1 

27* 
194 

S51 
114 
145 

m 

83 

44 

5C 

ll 

1 

1895 

3ia 

161 

78 

602 

163 

123 

38 

76 

494 

277 

15,13d 

F&bmazy  *,«,  t^.^^^  ■,,,<. 

29,308 

MftT^h , 

121    818 

29,844 

^?;:::;;:::::::;;::::: 

135 
73 

n 

112 
31 
40 

139 

32o 
170 
199 

164 

164 

78 

427 

352 

7,080 
5,664 

JuTiO  ,««»..  ^  ..  HI  .'  1  ..**».  » 

16,013 

July ,_ 

10J74 

Aug'tist  ^. *»*,«».. ,«,»,,.» 

4.613 

Sopteml>CT    .,..»,.,,..4.» 

2,884 

October    .  * ,,»♦♦,.» 

0,000 

l^oTember    .,,**,»,,*.... 

45,263 

ATemge   .»..,..* 

130 

130 

ta,06l 

In  1891-92  the  following  average  results  were  obtained: — Kent,  4 J95  ; 
Soathwark,  4,594  ;  Lambeth,  4,626  ;  Chelsea,  3,091 ;  Grand  Junction,  2,612  ; 
West  Middlesex,  2,634  ;  New  River,  2,299  ;  East  London,  3,387  ;  Sunbury, 
179,601. 


Having  thus  reliable  data  for  comparison  as  to  the  bacterio- 
logical improvement  which  took  place  in  the  quality  of 
the  water  between  the  years  1892  and  1895,  it  will  be 
interesting  to  glance  at  the  stiU  further  improvement  during 
the  course  of  the  latter  year,  and  of  the  relation  which 
existed  between  the  quality  of  the  intake  waters  and  the 
filtered  supply. 

It  will  be  noticed  that  the  company  which  supplied  water 
containing  the  largest  quantity  of  suspended  matters — viz., 
the  Southwark  and  Vauxhall — supplied  an  average  of  352 
microbes  per  cubic  centimetre  of  water  throughout  the  year, 
this  being  the  largest  number  of  any  of  the  companies.  In 
January  the  monthly  average  was  838,  which  gradually 
decreased  during  the  year  to  78  in  October,  but  unfortunately 
rose  again  to  427  in  November,  corresponding  to  the  rise  of 
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microtee  in  the  Sunbury  river  water  of  from  9,900  in  Oetob^ 
to  45,263  per  cubic  centimetre  in  November. 

Tke  relatiTe  value  of  the  various  methods  of  eatimatiiig  the 
organic  matter  in  water — viz.,  the  organic  carbon  and  nitrogen 
or  "  organic  elements,''  the  albuminoid  ammonia,  and  the 
oxygen  absorbed — ^haa  been  noted  in  connection  with  the 
series  of  analyses  under  discussion.  The  results  of  twelve 
monthly  averages  of  daily  analyses  made  daring  1892  (wliich 
period  is  selected  in  preference  to  1895,  when  there  was  a 
break  in  the  continuity  of  the  analy&es  as  regards  organic 
elements  and  albuminoid  ammonia)  has  shown  that  the 
oxygen-abaorbed  method,  as  standardized  by  the  Society  of 
PubUc  Analysts,  has  been  found  to  give  the  most  concordant 
factor  all  through.     (See  Diagrams  P,  Q  and  E.) 


COMPARISON  OF  THE  PRESENT  LONDON  SUPPLY  WITH 
THE  PROPOSED  SUPPLY  PROM  WALES, 

In  order  that  the  exact  position  of  the  present  supply  may 
be  clearly  understood,  so  far  as  regards  the  question  of  relatiYe 
quality  and  the  extent  to  which  an  improvement  might  be 
anticipated  in  the  event  of  the  Welsh  water  being  brought  to 
London,  the  following  considerations  arising  from  the  com* 
parieon  of  the  analyses  of  the  water  at  present  supplied  to 
London  with  those  of  the  Welsh  waters  collected  by  myself 
in  May,  1894,  wiU  be  of  interest. 

In  the  following  table  the  analytical  factors  in  each  ca^ae 
are  placed  side  by  side,  so  that  iJie  speciiio  difierences  may  be 
seen  at  a  glance*  The  figures  representing  the  Welsh  waters 
are  averages  of  the  samples  drawn  from  the  rivers  Usk,  Edw, 
Yrfon,  Wye,  Towy,  Ithon,  and  Clywedogj  which  were,  of 
cx)urse,  unfiltered.  Those  representing  the  present  filtered 
river  water  supplied  to  London  are  averages  of  the  Southwarfc, 
Lambotli^  Chelsea,  Grand  Junction,  West  Middlesex,  and 
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Diagram  K. 

tiffrtim  ^hinvini]  tht  Edativf  QuardHus  of  Ornmnc  Matter  preictd  in  the  tVater 
HiippUrA  by  the  rtapecUvr  CmniatTim  from  Ociobrr,  1891,  to  December t  ^BB%  aa 
ddermtned  by  the  Qtmntity  of  **Atbum(mt(d  Ammonm" 
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East  London.  These,  howeverj  are  given  in  two  columns, 
one  for  average  summer  quality  and  the  second  showing 
average  winter  quality.  For  compariaon  as  a  standard  the 
Kent  Company's  average  supply  is  added. 

On  carefully  examining  tho  results,  it  will  be  found  that 
the  filtered  river  water  supplied  during  the  i&ix  summer 
months  to  London  contains  practically  identically  the  same 
amount  of  organic  carbon  and  nitrogen  as  that  present  in  the 
unfiltered  Welsh  waters,  viz.,  0"I28  part  per  100,000  against 
0'123,  whilst  during  the  six  winter  months  it  is  only  half  as 
much  again,  viz.,  0'199. 

The  oxygon  absorbed  from  permanganate  is  a  little  more^ 
vi^,,  0  057  instead  of  0'0J8  during  the  summer,  hut  only  a 
little  more  than  half  as  much  again,  vi^.,  0'079  grain  per 
gallon  during  the  winter*  In  like  manner  the  **  albuminoid 
ammonia  "  in  the  Welsh  water  averages  0"0033  against  0^0045 
and  O'OOdo  in  the  respective  summer  and  winter  London 
supplies,  excluding  the  Kent.  Tlie  colour  of  the  water  when 
viewed  through  a  2-ft.  tube  was  on  an  average  even  more  in 
the  case  of  the  Welsh  water,  viz.,  1'4  against  1"0  and  1*2  in 
the  C4ise  of  the  London  supplies. 

From  this  comparison  of  the  average  results  of  nearly 
3,000  analyses,  it  is  evident  that  the  organic  impurity  of 
the  unfiltered  Welsh  water  is  a  little  less  than  that  in  the 
average  filtered  London  vrater,  and  the  inquiry  naturally 
follows  as  to  the  epeeifie  differences  which  exist.  This  is 
undoubtedly  due  to  two  things  r  First,  the  quantity  of  the 
solid  matter  in  solution,  principally  salts  of  lime,  giving  the 
London  water  its  great  hardening  properties ;  and,  secondly, 
the  comparatively  large  quantity  of  floating  particles,  on 
which,  as  has  been  shown,  the  number  of  microbes  present  to 
a  great  extent  depends. 

The  unfiltered  Welsh  water  examined  on  the  spot  con- 
tained 20  microbes  per  cubic  centimetre,  whilst  the  average 
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London  filtered  waters  drawn  from  street  hydrants  contained 
in  summer  167  and  in  winter  298,  the  Kent  supply  con- 
taining 90.  Of  course,  it  will  be  noted  that  these  figures 
refer  solely  to  the  number  and  not  to  the  character  of  the 
microbes. 


THE  EFFECT  OF  SOFTENING  THE  PRESENT  SUPPLY. 

The  suggestion  has  been  repeatedly  made  that  the  excessive 
quantity  of  carbonate  of  lime  in  the  London  water  should  be 
removed  by  the  adoption  of  the  well-known  Clark's  process, 
and  it  is  only  natural  to  inquire  as  to  what  would  be  its  effect 
upon  the  present  filtered  river  water,  not  only  in  removing  tho 
excess  of  carbonate  of  lime,  and  thus  effecting  an  enormous 
improvement  in  the  commercial  value  of  the  London  water, 
but  also  in  assisting  in  the  process  of  purification.  With  the 
view  of  testing  this  question,  certain  experiments  have  been 
made  on  one  of  the  best  London  waters,  viz.,  that  of  the 
New  River  Company,  in  order  that  the  percentage  reduction, 
if  any,  which  might  be  brought  about  in  the  quantity  of 
dissolved  as  well  as  undissolved  impurity  might  be  ascer- 
tained. 

The  results  of  these,  which  are  stated  in  Table  LX., 
p.  274,  are  perfectly  definite,  and  show  that  even  in  the  case 
of  the  New  Eiver  supply  the  reduction  of  dissolved  organic 
impurity  was  equal  to  25  per  cent.,  as  shown  by  the  oxygen 
absorbed,  whilst  64  per  cent,  of  the  total  hardness  was 
removed  and  87  per  cent,  of  the  bacteria,  and  with  these  the 
whole  of  the  matters  in  suspension. 

On  applying  these  results  to  the  average  analytical  figures 
given  below,  it  will  be  found  that  the  "albuminoid  ammonia" 
in  the  summer  supply  would  fall,  by  the  adoption  of  the 
process  of  softening,  from  0*0045  to  0*0034,  or  identically  the 
same  quantity  as  that  in  the  unfiltered  Welsh  supply,  whilst 
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tte  winter  supply  would  bo  improved  to  the  quality  of  tte 
present  summer  supply ;  that  the  oxygen  absorbed  in  four 
hours  would  fall  from  0*057  to  0*043  in  summer,  and  from 
0-079  to  0-059  in  winter,  against  0*048  in  the  Welsh  water, 
or  a  yearly  average  of  only  0003  grain  per  gallon  in  excess; 
that  the  organic  carbon  and  nitrogen  would  be  less  in 
proportion,  whilst  practically  the  whole  of  the  "suspended 
matters"  would  be  removed,  and  with  them  87  per  cent. 
of  the  bacteria,  thus  reducing  the  summer  number  of 
microbes  from  167  to  21,  and  the  "svinter  from  298  to  38, 
against  26  in  the  Welsh  water,  or  an  annual  average  differ- 
ence of  +  3.  In  addition  to  tliese  enormous  improvements 
the  hardness  would  be  reduced  in  summer  from  12*5  deg. 
to  4-4  deg.,  and  in  winter  from  17*0  deg.  to  6*1  deg.,  or 
an  annual  average  of  5*2  deg.  against  31  deg.,  which  was 
the  average  hardness  of  the  Welsh  waters  as  examined  in 
May,  1894. 

It  would  therefore  seem  that,  by  the  adoption  of  the  system 
of  softening,  the  present  supply,  in  respect  of  its  chemical 
quality  and  number  of  bacteria,  would  be  improved  to  a 
degree  comparable  with  that  of  the  Welsh  sources. 
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CHAPTER  XVn. 

THE  ACTION  OF  SOIjT  WATER  UPON  LEAD. 

The  quality  of  dissolving  lead  sliared  by  many  upland 
waters,  as  those  supplied  to  several  of  the  larger  towns  in 
the  north  of  England,  is  a  subject  that  has  long  engaged 
attention  in  this  and  other  countries ;  and  the  cause  has  of 
late  years  been  the  subject  of  anxious  inquiry,  especially 
with  a  view  to  the  determination  of  the  methods  which  must 
be  adopted  to  prevent  lead  poisoning.  This  has  been  more 
particularly  the  case  since  1886,  when  abundant  lead  poison- 
ing was  found  in  Sheffield  to  result  from  the  use  of  one  of 
the  moorland  supplies  to  that  town.  Since  that  time  lead 
poisoning,  also  due  to  upland  water  supply,  has  been  recog- 
nized in  a  number  of  other  communities,  including  Bradford, 
Wakefield,  Batley,  Huddersfield,  Shipley,  Morley,  and 
Keighley,  and  one  or  other  method  of  treatment  has  already 
been  adopted  in  all  these  towns  except  Huddersfield  and 
Batley.  In  the  case  of  the  former  town,  it  has  been  found 
necessary  to  exclude  from  domestic  use  some  of  the  more 
actively  plumbo-solvent  tributaries. 

It  has  been  found  that,  whereas  all  waters  act  to  some 
extent  upon  new  lead  surfaces,  the  distribution  of  hard 
waters  through  lead  pipes  is  not  generally  attended  with 
risk,  for  the  reason  that  a  protective  coating  is  quickly 
formed  on  the  lead  surface  exposed  to  the  water.     This  pro- 
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tective  power  is  not  shared  by  rain  or  distilled  water,  or  by 
the  greater  number  of  the  very  soft  waters  which  are  obtained 
from  moorland  sources ;  and  in  respect  of  those  moorland 
waters  which  have  an  acid  reaction,  the  ability  to  dissolve 
lead  is  always  strongly  marked,  even  to  the  extent  of  consti- 
tuting a  grave  danger  to  health.  These  soft  acid  waters 
are  chiefly  met  with  where  the  gathering  ground  is  peaty ; 
but  since  more  or  less  water  of  a  different  character — such  as 
spring  water — is  usually  included  in  moorland  supplies,  the 
ability  to  attack  lead  possessed  by  the  peat-derived  water  is 
often  neutralized  by  qualities  possessed  by  the  spring  water, 
and  the  mixture  is  free  from  the  risk  referred  to.  In  such 
cases,  however,  the  inability  of  this  mixture  to  attack  lead  is 
dependent  on  the  relative  proportions  of  the  various  kinds 
of  water  which  constitute  the  mixture;  and  inasmuch  as 
these  are  liable  to  great  variations  due  to  seasonable  con- 
ditions, it  is  found  that  the  mixture  may  be  at  one  time 
inoperative  upon  lead  although  at  other  tiiiies  operative. 

It  appears  from  a  report  of  the  Medical  Officer  of  the 
Local  Government  Board,  issued  in  1895,  that  the  action  of 
water  upon  lead  is  of  two  kinds :  the  one  leading  to  solution 
of  the  lead,  the  other  to  its  erosion  and  deposit  in  a  loose 
powdery  form,  readily  swept  away  by  the  current  in  a  pipe, 
and  conveyed  to  the  consumer. 

The  actual  cause  of  this  solvent  action  is  little  understood. 
It  is  by  some  ascribed  to  the  presence  of  acids  derived  from 
the  decomposition  of  vegetable  substances,  such  as  exist  in 
peat  and  moorland  ground  generally,  and  the  fact  that  a 
slight  addition  of  calcareous  matter  is  suflScient  to  remove 
the  plumbo-solvent  action  would  appear  to  confirm  this  view. 
Such,  however,  could  not  be  the  reason  in  the  case  of  recently 
fallen  rain  water  or  of  pure  distilled  water,  both  of  which 
act  energetically  on  lead.  According  to  Miller,  the  necessary 
conditions  are  combined  action  of  air  and  pure  water.    In 
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this  case  the  surface  of  the  lead  tecomes  oxidised,  and  the 
oxide  is  dissolved  by  the  water*  By  the  absorption  of  eor- 
bonio  acid  hydrated  carbonate  of  lead  is  formed,  which  is 
deposited  in  silky  scales.  The  eon^osion  is  increased  by  the 
presence  of  chlorides  or  nitrates,  but  diminished  by  eulphates, 
phosphates  and  carbonates,  the  oxide  of  lead  being  scarcely 
soluble  in  water  containing  these  salts. 

But,  although  the  cause  of  the  solvent  action  is  obsciu^, 
nevertheless  remedial  measures  can  generally  be  successfully 
employed.  The  removal  of  lead  pipes  from  a  town  in  uhich 
they  already  existj  and  their  substitution  by  other  materials, 
is  scarcely  practicable  \  but  it  has  been  found  that  the  use  of 
various  substances  in  small  quantities  will  in  most  cases 
effectually  remove  the  danger.  The  mixing  of  spring,  or  of 
more  or  less  hard  or  calcareous,  water  with  the  moorland 
supply  has  been  shown  above  to  be  uncertain  ;  and,  generally, 
remedial  measures  are  not  applicable  indifferently^  bat  the 
particular  remedy  best  aduptetl  for  a  given  ifvater  must  be 
found  by  experiment,  and  by  consideration  of  the  local 
eireumstanoes.  At  Sheffieltl  and  Bradford  water  has  been 
deprived  of  its  dangerous  condition  by  the  addition  of  com- 
paratively trifling  amounts  of  chalk,  increasing  the  hardness 
by  some  one  and  a  half  degrees.  At  Wakefield  a  similarly 
successful  result  has  been  attained  by  the  use  of  carbonate  of 
soda.  In  other  places  the  desued  result  has  been  produced 
by  filtration  through  calcareous  sand.  In  some  cases  the 
mere  passage  of  the  water  through  an  aqueduct  of  sufficient 
length  will  furnish  enough  Ume  to  destroy  the  solvent  action 
upon  lead*  The  water  of  Loeh  Katrine,  for  instance,  is 
powerfully  plumbo- solvent,  but  loses  this  character  entirely 
in  its  passage  to  Glasgow*  In  the  case  of  Oldham,  again, 
great  benefit  has  been  derived  from  passing  the  water 
through  numorous  settling  tanks  constructed  on  the  streams 
which  feed  the  reservoirs,  and   then    decanting    it   from 
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reservoir  to  reservoir  several  times  before  passing  it  on  to  the 
town. 

It  has  been  stated  by  some  that  the  deposit  formed  in 
lead  pipes  by  the  previous  passage  of  hard  water  is  an 
effectual  safeguard  against  attack  by  pure  soft  water  after- 
wards admitted;  and  that  therefore  it  would  be  quite  safe 
to  furnish  a  moorland  water  supply  to  a  town  which,  like 
London,  has  for  many  years  had  hard  water  passing  through 
its  pipes.  This  view,  however,  I  believe  to  be  erroneous,  as 
the  protection  thus  afforded  is  only  temporary  in  the  case  of 
waters  having  an  acid  reaction.  Besides,  new  houses  with 
new  lead  pipes,  through  which  there  has  been  no  previous 
flow  of  hard  water,  are  daily  erected. 

"  Many  men,  many  opinions,"  applies  to  considerations 
affecting  the  analysis  or  the  purification  of  water  more  parti- 
cularly, and  various  experts  have  given  expression  to  the  most 
widely  divergent  views  on  this  special  question  of  the  action 
of  lead  on  water,  and  the  means  to  be  employed  to  obviate  it. 
This  is,  no  doubt,  due  to  our  want  of  precise  knowledge  on 
the  subject,  and  to  tl^e  fact  that  a  water  examined  by  one 
observer  is  found  to  act  strongly  on  lead,  whilst  one  of 
apparentiy  exactly  similar  character  in  all  other  regards,  but 
from  a  different,  although  like,  source,  has  been  found  by 
another  observer  to  be  quite  without  such  action.  Mere 
storage  for  a  short  time  will  frequently  remove  such  power 
from  a  water  which,  when  first  collected,  possessed  it  in  a 
marked  degree.  It  will  be  seen  that  the  question  is  very 
difficult,  and  generalising  would  appear  at  present  unwise. 
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CHAPTER  XVIII. 


THE  ABSORPTION  OF  ATMOSPHEEIC  OXYGEN  BY  WATEE. 


Havibto  established  that  the  friendly  or  non-putrefactiTs 
organisms  which  bring  about  the  destruction  of  the  efEete 
matters  in  foul  waters  cannot  continue  their  beneficent  work 
unless  there  is  a  plentiful  supply  of  oxygen  dissolved  in  the 
water,  it  becomes  necessary  to  ascertain  the  rates  at  which 
water  will  renew  the  oxygen  abstracted  from  it  by  the 
microbes  in  their  life  processes*  This  rate,  it  will  be  seen,  is 
a  measure  of  the  degree  of  the  rapidity  with  which  aerobio 
bacteria  can  multiply  and  work ;  and  beyond  that  point  it 
will  be  useless  to  expect  results  without  incurring  the  risk 
of  putrefaction  by  the  agency  of  the  anaerobic  organisms*  Of 
course,  if  it  is  desirod  to  bring  about  the  dcfitruction  of  the 
organic  matter  by  means  of  the  latter  (as  described  in  Chap- 
ter VI,),  instead  of  by  oxidising  microbes,  the  oxygen  disaolved 
in  the  water  is  a  matter  of  no  importance. 

Water  dissolves  very  unequal  quantities  of  the  different 
gaaeSj  and  very  variable  quantities  of  the  same  gas  at 
different  temperatxires.  One  volume  of  water  absorbs,  at  the 
temperature  stated  in  the  following  table — ride  "Fowne's 
Chemistry,'*  edited  by  Watts,  twelfth  edition,  page  148 — 
and  under  the  pressure  of  30  in,  merciu*y,  the  following 
volumes  of  different  gases  measured  at  0  dog.  Cent,  and 
30  in.  pressure, 
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Table  LXI. 


Deg. 
Gent. 

0 

10 

20 


Oxygen. 

0-041 
0-033 
0-028 


Nitrogen. 

,     0020 

0-016 

,     0-014 


Hydrogen. 

.     0-019     , 
.     0-019 
.     0019 


Nitrogen 
Monoxide. 

.      1-31     .. 

.     0-92     ., 

.     0-67     .. 


Carbon 
Dioxide. 

.      1-80 

.     M8 

.     0-90 


Deg. 
Cent 

0 

10 

20 

30 

40 


Chlorine. 

2-59 
2-16 
1-75 
1-37 


Hydrogen 
Sulphide. 

4-37  . 

3-59  . 

2-91  . 

2-33  . 

1-86  . 


SnlphorooB 
Oxide. 

..     63-9  ., 

..     36-4  . 

..     27-3  . 

,.     20-4  . 

.•     15-6  . 


Hydrochloric 
Add. 

. .       605  . 

..       472  . 

..      441 

..      412  . 

. .      387  . 


Amxnonift. 

..  1180 

..  898 

..  680 

..  536 

..  444 


When  the  pressure  increases  a  larger  quantity  of  the  gas 
is  absorbed.  Gases  moderately  soluble  in  water  follow  in 
their  solubility  the  law  of  Henry  and  Dalton,  according  to 
which  the  quantity  of  gas  dissolved  is  proportional  to  the 
pressure.  At  10  deg.  Cent,  one  volume  of  water  absorbs 
under  a  pressure  of  one  atmosphere  1'18  volume  of  carbon 
dioxide,  measured  at  0  deg.  C.  and  under  a  pressure  of  30  in. 
mercury.  The  quantity  of  carbon  dioxide  dissolved  under 
a  pressure  of  two  atmospheres,  and  measured  under  conditions 
precisely  similar  to  those  of  the  previous  experiment,  equals 
2*36  vols.  Gaees  which  are  exceedingly  soluble  in  water  do 
not  obey  this  law,  except  at  higher  temperatures,  when  the 
solubility  has  been  already  considerably  diminished. 

It  deserves,  however,  to  be  noticed  that  the  pressure  which 
determines  the  rate  of  absorption  of  a  gas  is  by  no  means  the 
general  pressure  to  which  the  absorbing  liquid  is  exposed, 
but  that  pressure  which  the  gas  under  consideration  would 
exert  if  it  were  alone  present  in  the  space  with  which  the 
absorbing  liquid  is  in  contact.  Thus,  supposing  water  to  be 
in  contact  with  a  mixture  of  one  volume  of  carbon  dioxide 
and  three  volumes  of  nitrogen,  under  a  pressure  of  four 
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ataio^hares,  the  amoimt  of  carbon  dioxide  dissolved  by  the 
water  will  be  by  no  means  equal  to  that  which  the  water 
would  have  absorbed,  if  it  had  been  at  the  same  pressure  of 
four  atmospheres  in  contact  with  pure  carbon  dioxide,  Jn  a 
mixture  of  carbon  dioxide  and  nitrogen  in  the  stated  pro- 
portions, the  carbon  dioxide  exerciees  only  one- four th,  the 
nitrogen  three-fourthsj  of  the  total  pressure  of  the  gasoous 
mixture :=foiu'  atmospheres;  the  partial  pressure  due  to  the 
cai^bon  dioxide  is  in  this  case  one  atmosphere,  that  due 
to  the  nitrogen  three  atmospheres ;  and  waterj  though  ex- 
posed to  a  pressure  of  foiir  atmospheres,  cannot  under  these 
circumstances  absorb  more  carbon  dioxide  than  it  would  if  it 
were  in  contact  with  pure  carbon  dioxide  under  a  pressure  of 
one  atmosphere. 

It  is  necessary  to  bear  this  in  mind  in  order  to  understand 
wliy  the  air  which  is  absorbed  by  wat-er  out  of  the  atrao- 
Bphere  diflers  in  composition  from  atmospheric  air.  The 
latter  consists  yery  nearly  of  twenty-one  volumes  of  oxygen 
and  seventy-nine  volumes  of  nitrogen.  In  atmospheric  air 
which  acts  under  a  pressure  of  one  atmosphere,  the  oxygen 
exerts  a  partial  pressure  of  yVxt*  the  nitrogen  a  partial 
pressure  of  ^^'^  atmosphere.  At  10  dcg.  Cent,  one  volume 
of  water  {see  the  above  tabic)  absorbs  0"033  volnme  of  oxygen 
and  O'OIG  volume  of  nitrogen,  supposing  these  gases  to  act  in 
the  pure  state  under  a  pressure  of  ono  atmosphere.  But 
under  the  partial  pressures  just  indicated,  water  of  10  deg. 
Cent,  cannot  absorb  more  than  yVir  X  0*033  =  0*007  of 
oxygen,  and  Y^"^  x  O'OIO  =  O^Ol^S  volume  of  nitrogen.  In 
0*007  +  0  013  =  0  020  volume  of  the  gaseous  mixture  ab- 
sorbed by  water  there  are  consequently  0^007  volume  of 
oxygen  and  0^013  volume  of  nitrogen,  or  in  one  hundred 
vohuues  of  the  gaseous  mixture,  thirty-five  volumes  of  oxygen 
and  sixty-five  volumes  of  nitrogen.  The  air  contained  at  the 
common  t^uperatuie  in  water  is  thus  seen  to  be  very  much 
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richer  in  oxygen  than  ordinary  atmospheric  air.  This  pro- 
perty of  water  to  absorb  oxygen  from  the  air  more  readily 
than  nitrogen  has  been  applied  to  the  preparation  of  oxygen 
for  industrial  use. 

Air  is  pressed  into  water  by  means  of  a  force  pump,  and 
the  gases  which  escape  on  diminishing  the  pressure  are  sub- 
jected to  the  same  treatment  eight  times  in  succession,  by 
which  time  nearly  pure  oxygen  is  obtained.  The  following 
table  shows  the  composition  of  the  gaseous  mixture  at  each 
successive  stage : — 

Table  LXII. 

Atmospheric  Ck)mpo8ition  after  Sacceflsive  Pressures. 

Air.  12346678 

Nitrogon79  667  52-6  37-5  250  150    90    6-0    2*7 

Oxygen    21  33-3  47*6  62*5  750  85*0  91  0  95'0  97*3 

In  the  course  of  a  series  of  experiments  on  the  condition  of 
the  water  in  the  river  Thames,  I  instituted  some  tests  for  the 
purpose  of  ascertaining  the  rapidity  with  which  water  will 
take  up  oxygen  from  the  atmosphere.  In  these  experiments 
the  conditions  actually  occurring  in  the  river  could  not 
necessarily  bo  reproduced ;  the  agitation,  influence  of  wind, 
and  varying  ratio  of  surface  to  the  depth  being  impossible 
to  gauge  with  any  degree  of  certainty.  By  the  method 
adopted,  however,  a  fairly  accurate  series  of  results  was 
obtained,  applicable  to  absolutely  still  water,  in  which  the 
ratio  of  surface  to  depth  was  practically  unity.  By  this 
means  it  was  rendered  certain  that  the  results  could  not 
exceed  those  which  would  have  been  found  had  the  whole 
of  the  actual  circumstances  been  brought  under  control,  since 
any  agitation  by  traffic  or  wind,  or  any  increase  in  the  ratio 
of  surface  to  depth,  must  necessarily  have  increased  the 
normal  rate. 

The  actual  modus  operandi  was  as  follows : — ^A  quantity  of 
water  was  boiled  in  a  flask  until  all  the  air  was  expelled. 
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The  flaak  was  then  sealed  and  allowed  to  cool  Wlieii  eool 
the  seal  was  removed  and  the  contents  transferred  without 
agitation  to  open  vesBek,  in  which  the  water  was  exposed  to 
the  atmosphere  for  periods  of  time  varying  from  one  to 
ninety-six  hours.  The  quantitj^  of  dissolved  oxygen  was 
then  determined  by  the  usual  gasometrio  method,  ia  which 
the  air  is  boiled  out  of  the  water  in  a  voeuumj  and  collected 
over  mercury  and  analysed  in  the  usual  way  by  either  ex- 
ploding the  oxygen  with  an  exoe&a  of  hydrogen,  or  by 
absorbing  it  with  pyrogallio  acid  in  the  presence  of  alkali ; 
both  methods  being  used  as  a  eheck  on  each  other.  The 
special  form  of  air  pump  (see  Appendix)  employed  for 
withdrawing  the  gases  from  the  water  was  designed  by 
myself  on  the  lines  of  Maclood's  appaxutus,  and  has  been 
found  to  be  most  efficient  for  ito  purpose,  many  thousands 
of  determinations  having  been  made  by  its  use  in  the  three 
laboratories  formerly  under  my  charge. 

Upwards  of  150  estimations  w^ere  made,  and  from  the 
figures  thus  obtained  a  curve  was  constructed,  showing  the 
rate  of  absorption  for  each  percentage  degree  of  aeration, 
These  results  are  shown  in  the  diagi-am  8* 

From  this  it  will  be  seen  that  a  water  absolutely  free  from 
oxygen  dissolved  therein  will  absorb  in  one  hour  10  per  cent, 
of  the  total  possible  quantity  which  it  can  take  at  ordinary 
temperature  and  pressurcj  viz,,  about  1'8  cubic  inches  per 
gallon.  In  two  hours  it  will  have  taken  up  20  per  cent.  In 
three  horn's  the  quantity  of  oxygen  dissolved  i^ill  have 
increased  to  20  per  cent. ;  in  four  hom\s  to  33  per  cent* ;  in 
five  hours  to  36  per  cent. ;  in  six  hours  to  40  per  cent, ;  in 
aeven  hours  to  4y  per  cent.,  and  so  on,  until  ten  hours  are 
required  for  it  to  absorb  only  one-half  its  total  quantity,  vi^., 
50  per  cent.  I  the  rate  decreasing  as  the  degree  of  sutiuration 
increases,  xmlil,  as  it  ai>proacheB  saturation,  it  takes  only  a  few 
tenths  of  one  per  cent  per  hour. 
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As  showing  tlio  practical  bearing  of  those  results  upon  the 
water  of  the  river  Thames,  we  may  consider  their  efEect  on 
the  tidal  portion  of  the  river  from  Teddington  to  the 
Nore.  The  following  table  shows  the  average  percentage 
quantity  of  oxygen  dissolved  in  the  water  at  fifteen  different 
points  at  and  between  these  places  from  July,  1893,  to 
March,  1894  :— 

Table  LXIII. 

Average  percentage  Quantity  of  Oxygon  {saturation  =  100) 
Dissolved  in  the  Water  of  the  River  Thames  at 

Locality.  High  Water.  Low  Water. 

Teddio£^n  (above  lock)     85  '0 

Kew  70-3  85-5 

Hammeramiih 65*7  78*8 

Battersea 42-6  67*6 

London  Bridge    34*5  61-8 

Greenwich    24*6  37*4 

BlackwaU 22-5  34-3 

Woolwich 22-2  30-8 

Barking  Creek 24*2  30-8 

Crossness 430  41*6 

Erith 39-4  29-1 

Greenhithe  38-4  251 

Gravesend    50*7  39-6 

The  Mucking 83*6  72-0 

TheNore , 90-1  89-1 

Prom  this  table  it  will  be  seen  that  the  average  aera- 
tion at  high  and  low  water,  between  Teddington  and 
Ohiswick,  is  a  trifle  under  80  per  cent,  of  the  total  possible 
quantity. 

This  decreases  rapidly,  reaching  its  lowest  point  at  or 
about  Woolwich,  where  it  is  only  26  per  cent.    From  that 
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point  it  rises  again,  until  biBtwoen  Gravesend  and  SonthGnd 
it  is  atout  75  per  cent.,  and  at  the  Nore  90  per  cent.  In 
other  words,  the  water  as  it  flows  OTer  Teddington  weir  is 
well  aerated,  and  is  ahlo  to  deal  with  all  polluting  matters 
contained  in  it  without  suffering  any  material  reduction  in 
aeration,  f>.,  the  rate  of  absorption  from  tlie  atmosphere 
{actual  aeration  being  85  per  cent.)  is  equal  to  the  rate  of 
consumption  by  the  microbes  feeding  on  the  organic  im- 
purities. As  we  proceed  downwards  it  is  found  that  tins 
process  abstracts  more  oxygen  than  can  be  supplied  at  the 
former  slow  rate  at  the  higher  degree  of  aeration ;  and, 
accordingly,  the  degree  of  aeration  falle,  which  fall  is 
accompanied  by  a  corresponding  increase  in  the  rate  of  absorp- 
tion from  the  atmosphere,  m  shown  by  the  foregoing  experi- 
ments, When  the  rate  is  again  equal  to  the  necessities  of  the 
increased  number  of  organisms  feeding  on  the  larger  quantity 
of  organic  impurities,  the  balance  is  once  more  established, 
and  the  aeration  remains  constant  at  the  lower  rate,  Fmiher 
down  again  the  organic  impurities  becoming  less,  both  by 
preyioua  oxidation  and  by  dUution,  the  qiuintity  of  oxygen 
diBsolred  in  the  water  graduaUy  increases,  accompanied  by  a 
diminution  in  the  rate  of  absorption  from  the  atmosphere 
until  the  two  factors  are  once  more  equal  and  equilibrium  ia 
regained. 

From  these  observations  it  is  evident  that  at  Teddington, 
whero  the  degree  of  aeration  is  80  per  cent*,  the  rate  of 
absorption  of  atmospheric  oxygen  will  be  3*6  tons  per 
hundred  million  enbie  feet  per  day,  and  as  the  sectional 
Tolutoe  of  the  river  between  that  point  and  Chiswick  at  high 
water  may  be  taken,  according  to  Professor  Unwin,  at 
250*8  million  onhio  feet,  it  follows  that  this  reach  of  water 
will  absorb  nine  tons  of  oxygen  in  twenty-four  hours, 
or  4J  tons  on  the  assumption  that  the  mean  water  capacity  is 
one-half  of  tliat  at  high  water.     In  like  manner  each  section 
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of   the    river    is    tabulated   on  the   above    assumption   as 
follows : — 


Table  LXIV. 

Volume  of            Bate  of  Tons  of 

water  absorption  oxygen 

q^ajq^                             (at  high  tons  per  100  dissolved 

^^^                                water)  in              million  by  the  water 

million  cubic  feet  in  roction  per 

cubic  feet.            per  day.  24  houn. 

Teddington  to  Chiflwick    250*8  ....  3'G  ....  4^ 

Chiswiok  to  St.  Paurs  Pier  ....  678-6  ....  127  ....  43 

St.  Paul's  Pier  to  Deptford  ....  643-2  ....  21*4  ....  69 

Deptford  to  Woolwich   1099-0  ....  43*8  ....  240i 

Woolwich  to  Barking    4803  43-8  ....  105 

Barking  to  Crossness 898-7  ....  29-2  ....  131 

Crossness  to  Erith  11550  ....  21-9  ....  126J 

Erith  to  Gravesend     65430  ....  21*9  ....  716 

Gravesend  to  Southend 346950  ....  5-5  ....  949 

Total    2384J 

These  considerations  show  the  enormous  forces  at  work  in 
purifying  our  streams  and  rivers,  and  constitute  the  real 
secret  of  Nature's  method  in  effecting  the  destruction  of 
effete  matters  wherever  they  may  be.  It  must  be  obvious 
on  the  face  of  it  to  the  meanest  capacity  that  without  some 
such  operation  the  whole  world  would  soon  be  covered  to  a 
considerable  depth  with  rubbish,  and  life  would  be  insup- 
portable. But  by  these  constant  processes  of  interchange, 
Nature  restores  the  balance,  and  man,  in  common  with  all 
animal  and  vegetable  life,  continues  his  way,  and  except 
where  he  wilfully  or  ignorantly  spoils  his  surroundings,  the 
world  is  kept  clean  and  wholesome. 

We  have  seen  in  the  past  chapters  how  this  oxygen  is 
brought  into  actual  combination  with  the  organic  matters  by 
the  action  of  living  organisms,  and  thus  by  careful  considera- 
tion of  that  action,  combined  with  that  of  the  mighty  sponge- 
like power  of  the  water,  the  whole  mystery  of  Nature*s 
method  of  purification  is   made    plain.      In  tlys  we    see 
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but  one  more  instance  of  the  power  of  soienee  to  clear  up 
mystery  after  mystery.  A  few  years  ago  it  was  stoutly 
denied  that  rivers  had  the  power  of  purifying  themselves ! 
Then  we  knew  practically  nothing  of  Nature's  method. 
Now  that  this  has  been  so  far  revealed  to  us,  it  is  declared 
with  equal  force  that  not  only  are  effete  matters  rendered 
innocuous,  but  even  disease-producing  microbes  are  them- 
selves voraciously  devoured  by  others  of  like  kind,  and  the 
formerly  much-dreaded  bacteria  are — ^and  properly  so — 
considered  amongst  the  best  friends  of  man. 
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CHAPTER  XIX. 

ANALYSES  AND  THEIR  INTERPRETATION. 

When  a  process  of  sewage  treatment  has  been  adopted  it  is 
necessary  to  watch  the  operation  very  carefully,  in  order  to 
ascertain  from  time  to  time  whether  the  work  is  being  effec- 
tually carried  on.  The  usual  tests  by  eyesight  and  smell 
are  of  course  the  first  to  suggest  themselves,  and,  so  far  as 
they  go,  are  undoubtedly  of  great  importance.  These, 
nevertheless,  however  useful  as  guides  for  any  particular 
individual,  do  not  admit  of  accurate  registration  in  such  a 
manner  as  to  enable  a  second  or  third  person  to  make  com- 
parison with  similar  tests  instituted  by  him,  and,  therefore, 
some  means  are  required  by  which  this  can  be  done ;  hence 
the  first  necessity  for  analysis,  which  in  this  sense  may  be 
looked  upon  as  a  process  by  which  quality  can  be  recognised 
at  a  subsequent  date  by  the  inspection  of  written  records. 
In  the  second  instance  analysis  goes  much  beyond  this 
elementary  use  as  it  enables  us  to  ascertain  the  quantity  of 
invisible  and,  for  the  time,  inodorous  impurities,  which 
may  subsequently  develop  offensive  qualities  imder  certain 
conditions.  By  chemical  analysis  we  thus  measure  the 
invisible,  and  are  able  to  gauge  the  ultimate  obtainable 
condition  of  our  effluent. 

It  is  therefore  clear  that  the  useful  and  necessary  guides 
of  appearance  and  smell  are  insufficient  to  indicate  when 
matters  are  in  a  critical  state  and  the  process  is  in  danger  of 
breaking  down.     Under  present  working  conditions  there 
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may  frequently  come  a  time  when  a  filter  will  require  rest, 
and  if  this  ib  not  given  at  the  proper  moment  the  hed  will 
eventually  have  to  be  put  out  of  action  for  a  still  longer 
period  than  would  have  heen  necessary  if  it  had  been  given 
a  shorter  rest  for  a  few  days  before  it  became  overworked. 
How,  then,  can  we  ascertain  the  degree  of  purification  which 
is  being  effected^  and,  consequently,  the  airival  of  the  eritieal 
point  when  r^t  becomes  neoessaay  ?  This  can  only  be  done 
by  methods  of  chemical  analysis,  which,  however,  need  not 
be  of  a  very  extensive  character.  It  is  not  proposed  to 
desorihe  the  ordinary  methods  of  analysea,  as  these  are 
efficiently  dealt  with  in  moat  modem  tert-hooks  on  quanti- 
tative chemical  analysis.  Special  methods  of  analysis  not 
usually  described  vdW  he  found  in  the  Appendix. 


Standards  of  Purity. 

The  following  standards  of  purity  were  recommended  by 
the  Rivers  Pollution  Conamissioriera  appointed  in  1868  i — 

We  recommend  that,  with  certain  exoeptionB  in  reference  to 
etandarda  d  and  f^  tho  following  Hqiiids  he  deemed  polluting  and 
inadmlBsiblo  into  any  stream : — 

(a)  Any  liquid  containing  in  impmsion  more  than  three  ports  by 

weight  of  dry  mineral  matter,  or  one  part  hj  weight  of  dry 
organic  matter  In  100^ 000  parts  by  weight  of  the  liquid* 

(b)  Any  liqtdd  containingj  in  sufutioji^  more  than  two  parts  by 

weight  of  organic  carbon,  or  0*3  part  by  weight  of  organic 
nitrogen  in  100,000  parts  by  woighL 

(c)  Any  liquid  which  shall  exhibit  by  daylight  a  distinct  colour 

when  a  etratnm  of  it  one  inch  deep  ia  placed  in  a  white 
porcelain  or  earthenware  vesaoL 

(d)  Any  liquid  which  contains,  in  aa?«(/ow,  in  1CH>,CM>0  parte  by 

weighty  moFO  t3ian  two  parts  by  weight  of  any  metal,  except 
caldnra,  magnesium*  potassium,  and  sodium. 

(e)  Any  liquid  which,  in  100^000  parts  by  weight,  contains,  whether 

in  iohtiimi  or  smpcnsiofi^  in  chemical  combination  or  othor^ 
wise,  moro  than  O'Oo  part  by  weight  of  metallic  areenic, 
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(f)  Any  liquid  wluch,  aftor  acidification  with  sulpliuric  acid,  con- 

tains, in  100,000  parts  by  weight,  more  than  one  part  by 
weight  of  free  chlorine. 

(g)  Any  liquid  which  contains,  in  100,000  parts  by  weight,  more 

than  one  part  by  weight  of  sulphur,  in  the  condition  either 

of  sulphuretted  hydrogen  or  of  a  soluble  sulphuret. 
(h)  Any  liquid  possessing  an  acidity  greater  than  that  which  is 

produced  by  adding  two  parts  by  weight  of  real  muriatic 

acid  to  1,000  parts  by  weight  of  distilled  water, 
(i)  Any  liquid  possessing  an  alkalinity  greater  than  that  produced 

by  adding  one  part  by  weight  of  dry  caustic  soda  to  1,000 

parts  by  weight  of  distilled  water, 
(k)  Any  liquid  exhibiting  a  film  of  petroleum  or  hydro-carbon  oil 

ujTon  its  surface,  or  containing  in  suspension  in  100,000  parts, 

more  than  0*05  part  of  such  oil. 

The  only  other  standards  of  purity  which  have  been 
adopted  are  those  of  the  three  Eivers  Boards,  viz. : — 

1.  The  Mersey  and  Irwell  Joint  Committee,  formed  in 
1891,  and  having  jurisdiction  over  so  much  of  the  Eiver 
Mersey  and  any  tributaries  thereof,  above  the  point  of  inter- 
section by  the  southern  boundary  of  the  borough  of 
"Warrington,  as  passes  through  the  counties  of  Lancaster 
and  Chester,  or  between  them,  or  through  or  by  any  of  the 
county  boroughs  of  Bolton,  Bury,  Manchester,  Oldham, 
Eochdale,  Salford  and  Stockport. 

2.  The  Eibble  Joint  Committee,  formed  in  1891,  and 
having  jurisdiction  over  so  much  of  the  Eiver  Eibble  and 
any  tributaries  thereof,  and  of  the  Eivers  Darwen  and 
Douglas,  and  the  streams  running  into  the  Crossens  Channel, 
as  passes  through  the  county  of  Lancaster,  or  through  or  by 
the  county  boroughs  of  Blackburn,  Burnley,  Preston  and 
Wigan. 

3.  The  "West  Eiding  Eivers  Board,  formed  in  1893,  and 
having  jurisdiction  over  so  much  of  every  river  or  tributary 
thereof  as  passes  through  or  by  the  oouniy  of  the  West 
Eiding  of  Yorkshire,  or  through  or  by  any  of  the  oounty 
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borougliB  of  Bradford^  Halifax,   IluddersfieU,   Leeds  and 
Sheffield* 

The  respectiTe  standardfl  adopted  by  these  authorities  are 
as  follows : — 

Mersey  and  Irwell  Joint  Committee : 

Oxygea  absorbed  Irom  pormangaaata  of  potaeli  in  4  hours 

at  80^'  P,  ^  1*0  grain  per  galloa. 
Albuminoid  ammoma^  O-l  grain  per  gallon. 

nibble  Joint  Committee : 

Albuminoid  ammonia,  less  tban  O'l  part  per  100,000,  indicateB 
"  good  '*  olSuents  in  the  nbaenco  of  othor  easilj  observed 
obJGctiona,  aucb  as  foul  smtU,  excessive  turbidity,  &c,  Moi-e 
than  0*2  parts  per  100,000  indicates  '*bad*'  effiuonta  in  tho 
absence  of  any  special  infonnation  suggesting  an  origin  other 
than  sewage  matter  lor  auch  ammonia.  Otkera  are  classed  as 
"fair"  or  "poor"  according  to  the  amount  of  albuminoid 
ammonia  between  these  figures.  The  dividing  Hdo  between 
good  and  bud  is  usually  taken  as  0^1  G  parts  of  albuminoid 
ammonia  per  lOO^OOOi  =  0'112  grain  per  gallon. 

The  West  Elding  of  Yorkshire  Elvers  Board: 

Oxygen  absorbed  from  permanganate  of  potasih  in  4  hours 
at  80*  F.  ^  1*0  grain  per  gallon. 

The  Thames  Conservancy  Board  has  not  published  any 
Btaudardj  evidentlj  preferring  to  judge  eYory  case  according 
to  the  loeal  circumstancoB, 

Oxygen  absorbed. — The  quantity  of  the  oxygen  absorbed 
by  the  organio  matter  iu  solution  in  crude  London  sewage  on 
an  average  will  vary  from  about  three  to  four  grains  per  gallon, 
according  to  the  character  of  the  sewage.  It  must  be  noted 
in  passing,  that  tho  word  "  average  '*  ia  here  used  as  denoting 
the  average  quality  of  the  daily  flow,  and  not  merely  a 
mixture  of  samples  taien  at  odd  times.     If  tins  is  done,  the 


*  See  p.  3tXT*  Third  Eeport|  Eoyol  Concussion  on  Sewage  Disposal,  10O3, 
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strength  of  the  sewage  will  be  found  to  vary  very  consider- 
ably according  to  the  time  of  day,  rainfall,  &c.  We  may, 
therefore,  take  3*5  grains  as  a  fair  average  factor  for  crude 
London  sewage  throughout  the  year  as  a  standard  of  com- 
parison. The  effect  of  treating  sewage  chemically  by  putting 
precipitating  agents  into  it  will  be  to  remove  a  certain  pro- 
portion of  the  matters  in  solution,  in  addition  to  most  of  the 
matters  held  in  suspension.  The  extent  to  which  the  matters 
in  solution  are  affected  was  shown  in  the  tables  in  Chapter  III. 
On  turning  to  Table  IV.  (p.  44)  we  see  very  clearly  that  the 
strength  of  the  solution  of  organic  matter  is  very  considerable  in 
certain  cases,  and  in  these  no  less  than  from  90  to  91  per  cent, 
of  the  dissolved  organic  matter  is  thrown  down  by  suitable 
precipitating  reagents;  but  as  the  strength  of  the  solution 
declines  the  quantity  removed  by  the  same  means  falls  to 
only  about  50  per  cent.,  thus  clearly  showing  that  the  dilution 
of  the  sewage  is  an  objection  from  the  point  of  view  of  its 
suitability  for  chemical  treatment.  As  will  be  noted,  these 
experiments  were  made  upon  a  specially  prepared  solution  of 
meat  extract,  in  order  that  we  might  have  a  fairly  definite 
extractive  substance  as  a  standard.  In  order  to  ascertain  the 
effect  of  similar  treatment  on  ordinary  sewage,  the  further 
trials  given  in  that  chapter  were  made  upon  simple  raw  sewage 
collected  throughout  the  tweiity-four  hours,  so  as  to  show  the 
influence  of  the  varying  character  of  the  sewage  upon  the 
treatment,  and  to  throw  light  upon  the  many  discrepancies 
in  the  statements  made  by  various  experimentalists.  In 
Table  III.  the  same  characteristic  is  shown.  The  stronger 
the  sewage  the  greater  the  percentage  removal  of  the  organic 
matters  in  solution,  as  shown  by  the  quantity  of  oxygen 
absorbed  by  those  remaining  in  solution. 

As  showing  how  the  monthly  average  quantity  of  dissolved 
impurities,  as  indicated  by  the  oxygen  absorbed,  may  vary 
during  the  year,  apart  from  the  daily  variation,  the  following 
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table  is  of  interest.  Each  factor  is  the  average  of  daily 
analyses  of  samples  collected  day  and  night  at  intervals  of 
two  hours,  so  as  to  ensure  accurate  results : — 

Table  LXV. 

Northcm  outfall,  Soathem  oatfall, 

ISM.  Barking  Creek.  CrossneflB. 

January    3*396     3*418 

February 3*416     3*474 

March    3*283     4*050 

April 3172     3-668 

May   3*269     3*614 

June 2*924     3*962 

July 3*013     3-721 

AuguBt 2*814     3*664 

September    2*866     3*799 

October 3*221     3*961 

November 2*942     3*420 

December 3*186     3*892 


Average    3*124     3*709 

At  certain  times  the  effects  of  large  quantities  of  blood 
let  into  the  sewers  from  the  cattle  market,  Deptford,  which 
formerly  used  to  flow  direct  into  the  river  at  that  point 
on  the  southern  side  of  the  Thames,  and  contribute  greatly 
to  the  usual  amount  of  impurity,  are  very  noticeable,  the 
quantity  of  oxygen  absorbed  rising  to  abnormal  figures.  As  I 
have  already  shown,  the  greater  the  impurity  the  better  the 
effect  of  the  treatment,  and  thus  the  process  adopted  has  been 
able  to  cope  effectually  with  the  increased  amount. 

For  comparison  with  the  above,  samples  of  sewage  from  the 
works,  Sutton  (Surrey),  where  the  sewerage  is  on  the  "  separate 
system,"  were  found  to  absorb  an  average  quantity  of  oxygen 
equal  to  4*29  grains  per  gallon,  so  that  the  effect  of  this  system 
is  to  keep  the  sewage  a  little  stronger.  In  the  case  of  the 
Southern  (London)  outfall,  the  average  quantity  of  oxygen 
absorbed  for  the  year  1894  was  3'115  grains  per  gallon  (see 
Table  XLIIIa.  p.  215),  thus  showing  a  reduction  of  16  per 
cent.,  and  in  the  case  of  the  stronger  sewage  at  Sutton  the  re- 
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duotion  was  32  per  cent.  But  on  turning  to  the  result  of 
biological  filtration  at  the  Northern  Outfall  "Works  at  Barking 
Creek  (p.  62),  we  find  that  the  average  reduction  was  nearly 
80  per  cent.,  and  in  the  case  of  the  Sutton  experiments 
(p.  83),  89  per  cent. 

In  the  case  of  river  water,  such  as  that  of  the  Thames 
during  the  period  from  July,  1893,  to  March,  1894,  the 
oxygen  absorbed  varied  according  to  the  following  table. 
The  figures  are  the  results  of  daily  analysis  during  that 
period,  which  includes  phenomenally  dry  and  wet  seasons  : — 

Table  LXVI. 
Oxygen  Absorbed. 

Gndiu  per  gallon. 
High  water.  Low  water. 

Teddington,  above  look 0'162  — 

Kew  Bridge 0179  0161 

Hammersmith 0*197  «  0-173 

Battersea  Bridge 0-231  0-186 

LondonBridge 0*273  0*198 

Greenwich    0*361  0*252 

BlackwaU 0-376  0*270 

Woolwich     0-377  0*307 

Barking  Creek 0*381  0*349 

GroBsness  0*353  0*387 

Erith 0*294  0*400 

Greenhithe   0*198  0*302 

Gravesend 0164  0*213 

TheMuoking  0-101  0*126 

TheNore 0*062  0*068 

Carrying  the  comparison  one  step  farther,  we  may  now 
look  at  the  average  results  of  the  daily  analysis,  made  under 
my  direction,  of  the  London  water  supplied  hy  the  various 
companies.  It  will  be  interesting  to  remember  that  the  water 
in  the  Thames  at  Sunbury  is  that  practically  taken  by  all  the 
respective  companies  drawing  their  supplies  from  that  river, 
the  different  positions  of  their  intakes  having  but  little  effect 
These  will  complete  the  sequence  of  comparisons  for  ascer- 
taining the  degree  of  impurity  in  any  given  sample. 
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Table  LXVII. 

Average  Daily  Quantity  of  Oxygen  Absorbed  {by  the  Dissolved 
Matters)  from  Permanganate  in  four  hours  at  80  deg,  Fahr,y 
during  the  twelve  months  ending  December^  1895. 

Description  of  water.  Grains  per  gallon. 

River  Thames  at  the  intakes  at  Simbory    0*128 

Kent  Company « .  •  0018 

New  River 0041 

West  Middlesex    0-072 

Chelsea 0*064 

Grand  Junction 0-069 

East  London 0*060 

Lambeth ^ 0*071 

Southwark  and  Vauxhall    0*078 

Summarising  these  results  in  their  order,  we  have  the 
following  very  interesting  and  instructive  table : — 

Table  LXVIH. 

'*OnrgenabMrbed** 
Deecription  of  water.  m  four  honra. 

Oraina  per  gallon. 

Kent  Company's  deep  well  in  chalk 0*018 

New  River,  partly  spring,  well,  and  river 0*041 

Lee  River,  filtered  supply 0060 

Thames  Company's  average  filtered  supply    0*071 

Thames,  unfiltered,  the  Nore ....  0*060 

,,  „        theMucMng 0*113 

,,  , ,        Sunbury  (companies'  intakes) 0*  128 

,,  „        Teddington  (above  lock) 0*162 

„  ,,        Kew 0170 

,,  ,,        Hanmiersmith    0*185 

„  ,,        Gravesend  0*188 

,,  ,,        Battersea  Bridge   ,, 0*208 

, ,  ,,        London  Bridge 0*235 

,,  ,,         Greenhithe 0*250 

,,  „        Greenwich  0*306 

,,  ,,        Blackwall 0*325 

,,  ,,        Woolwich    0*342 

„  „        Erith    0*347 

„  ,,        Barking   0*365 

„  „         Crossness 0*370 

Average  water-carried  sewage,  London,  North     3*  124 

M  »  »  »         South 3*709 

,)  M  ,,  separate  system,  Sutton ... .  4*290 
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If  the  quality  of  the  water  of  the  river  at  Southend  is 
taken  as  being  equal  to  the  mean  of  that  at  the  Nore  and 
the  Mucking,  then  wo  have  the  somewhat  startling  but 
satisfactory  result  that  the  water  of  the  estuary  at  that 
favourite  watering-place  is,  to  all  intents  and  purposes, 
organically  as  pure  as  that  supplied  after  filtration  to  the  con- 
sumers of  London  by  those  companies  drawing  from  the 
Thames  at  Hampton  and  Sunbury;  the  quality  of  wliioh 
has  been  described  by  the  late  Sir  Edward  Frankland  as 
equal  to  the  finest  drinking  water  supplied  to  any  community 
in  the  world. 

Dissolved  ojri/gen, — The  exact  degree  of  aeration  which  an 
effluent  thus  kept  should  maintain  is  a  matter  for  further 
experience  to  determine ;  but  if  it  does  not  fall  below  50  per 
cent,  of  the  maximum  possible,  no  evil  results  need  be 
apprehended.  Whenever  the  aeration  of  the  water  of  the 
Thames  was  found  to  exceed  this  minimum,  there  was  no 
suggestion  of  nuisance,  and  fish  appeared  in  the  areas  which 
maintained  this  degree  of  aeration.  If,  then,  an  effluent  be 
added  to  water  in  quantity  exceeding  that  which  would 
actually  be  the  case  in  practice,  and  the  degree  of  aeration  at 
no  time  falls  below  the  point  indicated,  fish-life  would  be  in 
no  way  interfered  with.  Further,  the  power  of  a  river  to 
purify  itself  depends  upon  the  degree  of  aeration  maintained ; 
and  when  this  exceeds  the  figure  above  mentioned,  there  is 
not  the  least  fear  of  putrefactive  processes  intervening,  but 
aerobic  purification  continues,  and  all  remaining  organic 
matter  is  rapidly  oxidised. 

A  most  valuable  standard  of  purity  might  be  arrived  at  by 
these  means.  Suppose,  for  example,  that  a  mixture  of  one 
part  of  effluent  and  one  part  of  fully  aerated  water  be  allowed 
to  stand  in  an  open  vessel  of  diameter  equal  to  the  depth  of 
the  liquid,  and  that  the  degree  of  aeration,  ascertained  daily 
for  a  certain  number  of  days,  does  not  fall  below  an  agreed 
figure  to  be  determined,  then  such  effluent  may  be  safely 
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admitted  into  any  ordinary  stream.    In  extreme  oases,  \vhen 

the  only  water  in  the  brook  is  derived  in  summer  time  solely 

from  the  sewage  works,  the  effluent  must  of  course  stand  the 

test  without  any  dilution.     The  following  experiments  on 

these  lines  with  effluents  from  the  Sutton  Sewage  Works  are 

appended : — 

Table  LXTK. 


A.  1.  Sutton  effluent*  as  received  in  stoppered 
bottles — 

Contained 

After  26  hours 

A.  2.  Effluent  as  above,  aerated  by  shaking — 

After  2  hours  

„    20    , 

„     3  days 

A.  3.  Effluent  as  above,  with  4  vols,  tap  water — 

After  2\  hours 

»    22      „      

i»    36      ,,      

B.  2.  Sutton  effluent,  aerated  by  shaking — 

After  48  hours 

M     61i   )i     

B.  8.  Effluent  as  above,  with  4  vols,  tap  water 

After  48  hours 

»      62J   „     


Co.  Oxygen 
per  litre. 


0-91 
1-40 


4-77 
3-30 
2-38 


2-98 
4-79 
6-09 


4-82 
3-87 


4-29 
510 


Percent, 
possible. 


12-6 
200 


68-0 
60-0 
33*0 


42*5 
70-0 
850 


71-0 
55-0 


610 
73-0 


Country  Stream  receiving  a  Farm  Effluent, 


C.  1.  Water  from  river  above  outfall,  a&ated  by 
shaking  and  allowed  to  stand  1^  hour. . 

0.  2.  Water  from  river  below  outfall,  aerated  by 

shaking  and  allowed  to  stand  1^  hour. . 

After  67  hours 

C.  3.  Farm  effluent,  aerated  by  shaking  and 

allowed  to  stand  \\  hour    

After  67  hours 

C.  4.  Tannery  effluent,  t  shaken  and  allowed  to 
stand  for  67  hours   


68-0 


85-0 
21-6 


13-6 
3-1 


58-0 


*  The  albuminoid  anmionia  in  this  sample  was  0*076  grain  per  gallon. 
t  Saturated  with  lime,  and  consequently  sterilised. 
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The  following  diagrams  of  the  results  of  the  determination 
of  the  quantity  of  oxygen  dissolved  in  a  series  of  effluents 
from  tank  and  beds,  and  in  a  mixture  of  river  water  and 
effluent,  will  serve  to  show  what  may  be  accomplished  in  this 
way. 

The  first  diagram  (T)  shows  the  percentage  of  oxygen 
dissolved  in  the  sample  of  sewage  when  it  was  collected,  the 
quantity  of  oxygen  being  necessarily  aflEected  by  agitation 
during  the  collection  of  the  sample  and  its  transference  to 
the  laboratory.  After  the  first  determination,  the  results  of 
which  are  indicated  on  the  first  ordinate  marked  "as  received," 
the  sample  was  shaken  up  so  as  to  thoroughly  aerate  it, 
and  then  left  quiescent  for  twenty-four  hours,  when  it  was 
examined  again.  In  each  case  the  whole  of  the  oxygen  had 
been  utilised,  together  with  that  which  must  necessarily  have 
been  absorbed  from  the  atmosphere  in  the  meantime. 

The  same  result  was  found  after  the  second  day,  but  on 
the  third  day  the  aeration  had  risen,  and  on  the  fourth  day 
it  was  marked — viz.,  27  per  cent. 

The  tank  effluents  (diagram  TJ)  showed  a  similar  sequence, 
but  more  marked  in  regard  to  the  degree  of  retained  aeration. 

The  effluents  from  the  first  bacteria  bed  (diagram  V) 
showed  variable  results,  but  with  a  higher  percentage  of 
retained  oxygen ;  whilst  those  from  the  second  bacteria  bed 
(diagram  W),  with  two  exceptions,  contained  and  retained 
an  aeration  factor  considerably  above  that  of  50  per  cent,  of 
the  total  possible. 

The  mixture  of  river  water  and  effluent  from  the  second 
bacteria  bed  (diagram  X)  in  every  case  gave  satisfactory 
results,  the  average  being  over  70  per  cent. 

Whether  the  open  vessel  or  closed  bottle  be  employed,  the 
method  of  analysis  to  be  adopted  requires  consideration. 
There  are  three  principal  processes  at  the  disposal  of  the 
operator — viz.,  the  absolute  gasometric,  and  the  methods  of 
Schutzenberger  and  Thresh.    These  axe  described  in  Appen- 
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dix  II.  Both  the  latter  have  the  great  advantage  over  the 
first  named  in  that  the  nee^ssary  apparatns  can  he  readily 
carried  from  place  to  place,  so  that  the  determinations  can  he 
made  in  situ.  As  against  this,  however,  both  have  been  found 
to  be  unreliable  under  certaia  conditionSj  the  presence  of  very 
many  substances  causing  them  to  yield  results  which  are 
quite  fallacious.  For  example,  an  efflnent  from  distillery 
refuse  appeared,  when  examined  by  Threshes  method,  to 
contain  in  solution  twice  as  much  oxygen  as  it  was  possible 
for  it  to  dissolve* 

During  the  iuTestigation  into  the  charatjter  of  the  water  of 
the  Thames  in  1893 — 94  (poge  210),  a  very  large  number  of 
samples  were  examined  by  all  three  methods  with  a  view  to 
ingtitnting  oompansons  l^etween  them,  and  it  was  found 
that  in  highly  aerated  water  at  Teddington  the  residts  were 
quite  comparable ;  when  tbe  degree  of  aeration  feUj  as  at 
London  Bridge  at  high  water,  to  between  20  and  25  per  csentp^ 
the  figures  yielded  by  the  two  colorimetric  methods  were  far 
too  low  ;  whilst  in  the  case  of  the  Woolmoh  water,  which  con- 
tained much  organic  matter,  and  in  which  the  degree  of 
aeration  fell  sometimes  as  low  as  3  per  cent,,  the  residts  were 
quite  unreUable.  The  following  table  shows  the  average 
results  of  the  comparative  tests  at  Teddington  and  London 
Bridge,  and  the  percentage  deviation  of  the  two  named  pro- 
cesses from  the  absolute  or  gasometric  method ; — 
Table  LXX. 


Dfigweof  A^jcatioatry 

^tbn. 

Qaio- 

BdLflUseiibwgvr. 

T1u«h. 

- 

BIfftfieTtoc, 

- 

BjJfemajoe, 

Teddington    

Ijondon  Bridge,  Hgli 
water ,,,,,.. 

Loudon   BridgOi   low 
water  ..».,,..„., 

86^7 

21-e 

20-a 

17*3 

Per  Cent* 
+  4^2 

^15  2 

88-5 
11-6 
24^2 

Per  Cent, 
+  21 

-46-8 

-I8'2 
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Suspended  Matters, — The  following  table  shows  the  quantity 
of  suspended  matters  in  average  London  sewage  during  the 
year  1894,  and  that  in  the  effluent  after  treatment  with  Kme 
and  iron.  It  must  be  remembered  that  in  this  instance  all  storm 
water  is  included,  and  as  the  process  has  been  converted  from 
the  original  design  of  quiescent  precipitation  to  one  involving 
continuous  flow,  the  settlement  is  not  so  perfect  as  it  would 
otherwise  be : — 


Table  LXXI. 
Suspended  Matters, 

GraiuM  per  gallon. 
Sewage.  Effluent. 

January 381     8-9 

February     , 30-2     6*1 

March 29-6     7*8 

April    30-2     7-2 

May 33-5     71 

June    30*6     6-3 

July 36-1     6-6 

August     36-1     6-1 

Septembei'  26*6     6-7 

October   35*3     60 

November   22*6     3*2 

December    29*1     6*0 

In  the  filtrate  from  a  properly-worked  coke-breeze  filter, 
or  "bacteria  bed,"  the  suspended  matters  are  reduced  to 
a  mere  trace,  which  can  be  best  determined  by  the  micro- 
filter. 

The  following  are  the  results  of  a  series  of  daily  deter- 
minations of  the  quantity  of  suspended  matters  in  the  water 
of  the  river  Thames  from  Teddington  to  the  Nore  during 
1893-4,  made  at  the  same  time  as  the  "oxygen  absorbed 
determination."    It  must  be  noted,  however,  that  in  most  of 
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these  cases  the  suspended  matter  consisted  largely  of  loam 
and  sand : — 

Table  LXXII. 
Total  Matters  in  Suspension — Monthly  Averages. 


HIGH  WATER. 

Locality. 

1893. 

1804. 

/oly 

Aug. 

Sept. 

Oct. 

Nov. 

Deo^. 

Jan. 

Feb. 

Mar. 

Teddington 

•03 

traces 

traces 

traces 

traces 

311 

2-28 

M7 

1-28 

Kew Bridge  .... 
H'nnithBridffe.. 
Battenea  Bridge 

6-22 

4-67 

6-66 

6-68 

6-69 

3-66 

2-86 

2-65 

1-90 

359 

2-64 

3-32 

7-04 

6-36 

9-52 

600 

4-84 

2-88 

3-61 

249 

401 

3-92 

6-76 

8-29 

10-66 

11-71 

9-38 

London  Bridge.. 

9-50 

24-62 

19-21 

26-21 

18-59 

16-80 

24-46 

23-63 

16-65 

Greenwich 

5-79 

10-91 

8-46 

9-88 

11-66 

6-79 

13-30 

16-27 

5-79 

Blackwall 

6-68 

608 

5-27 

4-26 

6-66 

6-64 

9-64 

9-34 

4-46 

Woolwich 

3-68 

6-08 

4-30 

4-33 

606 

7-68 

9-79 

16-99 

6-91 

Barking 

2-07 

2-67 

2-86 

2-17 

2-66 

2-23 

6-42 

7-30 

5-46 

CrossneeB  

2-26 

2-37 

2-90 

2-42 

2-38 

3-86 

4-37 

3-66 

2-97 

Erith 

2-23 
3-88 

2-41 
2-27 

2-92 
3-31 

2-66 
3-09 

3-30 
6-46 

3-74 
7-40 

6-61 
9-19 

6-99 
7-23 

6-20 

8-70 

GhAvesend 

6-98 

6-75 

9-84 

9-63 

16-16 

24-71 

24-71 

18-73 

10-43 

Mucking  Light.. 
Nore  Lightship.. 

3-54 

2-16 

2-10 

2-68 

3-79 

6-28 

7-01 

7-02 

4-80 

3-09 

2-02 

1-98 

3-61 

6-10 

6-26 

6-80 

6-18 

3-06 

Quantities  are  expressed  in  grains  per  gallon. 
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LOW  WATEE. 

LocaUty. 

1893. 

1894. 

J^y 

Aug. 

Sept. 

Oct. 

Nov. 

Deo^ 

'Jan. 

Feb. 

Mar. 

Teddington   .... 









Kew  Bridge  .... 
H'smith  Bridge.. 
Battersea  Bridge 

1-20 

Ml 

1-38 

-96 

•60 

1-99 

3-42 

3-26 

2-04 

2-97 

3-37 

3-70 

2-60 

1-92 

2-13 

3-10 

2-85 

2-26 

6-85 

7-26 

12-69 

10-21 

7-64 

2-95 

4-41 

3-81 

4*24 

London  Bridge.. 

13-69 

14-66 

22-74 

27-76 

27-65 

12-07 

6-92 

6-67 

309 

Greenwich 

7-89 

26-94 

3612 

21-74 

27-22 

22-43 

17-47 

14-79 

11-83 

Blackwall 

4-86 

9-78 

13-79 

7-lH 

10-50 

1219 

11-79 

10-73 

8-01 

Woolwich 

4-68 

6-06 

7-21 

10-05 

f)-48 

6-28 

9-43 

11-66 

5-54 

Barking.. 

3-44 

7-60 

7-26 

8-59 

5-Go 

3-91 

8-39 

16-67 

1202 

Crossness  

7-89 

8-88 

14-42 

6-8a 

10-10 

8-35 

17-81 

18*44 

6-96 

Erith 

3-29 
619 

4-00 
3-27 

4-18 
6-22 

3-76 
2-69 

4-99 
6-42 

3-36 
7-73 

409 
7-93 

6-67 
6-96 

3-83 

Greenhithe    .... 

9-53 

Gravesend 

4-91 

6-28 

7-41 

6-27 

9-87 

9-63 

18-98 

12-89 

8-C8 

Mucking  Light.. 
NoreLight£ip.. 

7-89 

18-67 

9-27 

10-80 

18-73 

31-75 

11-23 

16-62 

8-26 

3-16 

2-49 

3-71 

4-40 

10-93 

8-29 

4-81 

6*33 

6-20 

Quantities  are  ezpremed  in  grains  per  gallon. 
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For  comparison  with  the  above,  the  following  results  of 
the  filtered  water  supplied  to  London  will  be  interesting : — 


Table  LXXIV. 
Average  Quantity  of  Suspended  Matter  during  1895. 

Oraina  per  g«llon. 
Boozoe  of  water.  Mineral.  "^ ^ 

Intake  water,  river  Thames,  Sunbary . .  •  •  0*4181 

Kent  Company's  supply 0*0007 

New  River  Company's  supply 0*0006 

East  London  Company's  supply  0*0015 

West  Middlesex  Company's  supply 0*0005 

Grand  Junction  Company's  supply 0*0010 

Chelsea  Company's  supply 0*0014 

Lambeth  Company's  supply 0*0018 

Sonthwark  Company's  supply 0*0031 

The  following  table  shows  the  comparison  of  the  quantify 
of  suspended  matters  in  the  aboye  waters,  during  the  latter 
six  months  of  that  year,  as  determined  by  the  mioro-filter 
method  and  the  grayimetrio  process : — 


Orgaote. 

Total. 

0*1179 

..     0*6360 

0*0004 

..     0*0011 

00005 

.,     0*0011 

0*0012 

. .     0*0027 

0*0005 

..     0*0010 

0*0013 

. .     0*0023 

00013 

..     0*0027 

0*0015 

. .     00033 

0*0025 

..     00056 
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Nitrates, — ^Usually  sewage,  unless  perfectly  fresh,  oontains 
no  nitrates,  but  this  is  a  case  by  no  means  without  exception, 
although  the  quantity  present  in  a  given  volume  must  always 
be  less  than  that  present  in  the  originally  clean  water 
supplied  to  the  town.  It  is  obvious  that  the  presence  or 
otherwise  of  nitrates  entirely  depends  upon  the  time  the 
sewage  matters  have  been  in  contact  with  the  water  used  for 
flushing.  If  a  sufficient  interval  has  not  elapsed,  the  nitrates 
originally  present  in  the  water  supplied  will  not  be  reduced 
by  the  action  of  the  de-nitrifying  organisms,  and  therefore 
they  wiU  be  found  in  the  sewage  if  looked  for  at  once. 

In  the  course  of  the  experiments  at  Barking  the  following 
results  were  obtained  :— 

Table  LXXVI. 

Average  Quantity  of  Nitrogen  as  Nitrates  in  the 
Barking  Creek  Effluents, 

Effluent  from  ini*-,*^. 

1894.  precipitoting  tanks.  JJHtraw. 

GrainA  per  gallon. 

April  7th  to  June  9th     ....     0-128     0*238 

August  3rd  to  Nov.  9th 0*022     0*141 

Nov.  16th  to  March  2nd    . .     0*396     0*699 

April  8th  to  April  20th  ... .     0143     0*770 

As  in  a  very  large  number  of  cases  there  were  no  nitrates 
at  all  in  the  raw  sewage,  oxidised  nitrogen  in  the  eflSuent 
shows  the  satisfactory  progress  of  the  work  of  the  bacteria  in 
the  filter  bed  in  oxidising  the  nitrogenous  organic  matter. 

The  great  point,  however,  to  be  observed  in  connection  with 
sewage  treatment  is  that  if  the  filtrate  or  eflSuont  is  well 
charged  with  nitrates,  there  is  not  much  fear  of  the  process 
of  purification  coming  to  a  sudden  stop.  But  should  these 
decrease  and  disappear,  there  is  danger  of  putrefaction ;  and 
in  the  case  of  a  bacteria  bed  effluent,  rest  must  be  at  once 
given  to  the  bed. 

D.  X 
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For  comparison,  the  following  tables  of  nitrates  in  yarions 
waters,  in  addition  to  those  already  given,  will  be  useful : — 

Table  LXXVII. 
River  ITuimes, 

Nitrates  and  Nitritaa. 
Grains  per  GaUon. 

Sunbniy.    Average — Summer 0*206 

,,  „  Winter    0-26S 

London  Water  Supply, 

Kent  Company 0*401 

Filtered  River  Supplies.    Average— Summer    ....     0*128 

Winter 0-268 


>>  »» 


Various  Waters. 

Welsh  Rivers     0*022 

Chalk  well 0*370 

Deep  well 0*640 

WeU,  60  ft.  deep 1*010 

Spring     0028 

Polluted  well 1*880 

Ditto   4*360 

Shallow  well,  14  ft.  deep    1*160 

In  connection  with  the  question  of  suspended  matters  in 
water,  &c.,  the  following  series  of  analyses  will  be  of  interest 
for  reference.  (Table  LXXVIII.)  These  were  prepared  for 
and  submitted  to  the  Royal  Commission  on  Metropolitan 
Sewage  Discharge  in  1883.  Further  determinations  of  the 
percentage  of  nitrogen  in  the  organic  matter  held  in  suspen- 
sion in  water  Tvill  be  found  on  p.  264. 

Bacteriological  Examination, — The  presence  of  the  bacillus 
coli  communis  in  water  was  formerly  held  to  indicate  direct 
sewage  contamination.  It  is  now  known  that  this  organism 
may  be  derived  from  many  sources,  such  as  the  excreta  from 
horses  and  other  animals,  so  that  its  presence  in  waters  collected 
from  gathering  groimds  is  practically  universal,  and  unless 


of  the  0 


^n 

Ft 

:..uf 

adc 

latter. 

ofd 

> 

) 

ilYEE  V 


J L 


Bacteriological  Examination.  307 

they  are  present  in  unduly  large  numbers  accompanied  by 
other  bacteria,  such  as  the  bacillus  euteritides  sporogenes  and 
streptococci,  little  notice  need  be  taken  of  them,  otherwise  no 
water  supply  of  this  nature  could  be  admitted  as  sufficiently 
pure  for  potable  purposes.  In  the  case  of  waters  from  deep 
wells  it  is  held  by  some,  however,  that  the  presence  of  even 
one  or  two  bacilli  coli  communis  indicates  so  suspicious  a  con- 
dition of  affairs,  that  such  waters  should  be  either  filtered  or 
subjected  to  treatment  by  Clark's  softening  process,  in  order  to 
afford  a  further  defence  against  sudden  contamination,  should 
such  occur,  by  reason  of  the  breakdown  of  fissures,  &c. 

In  this  connection  bacteriology  has  been  in  a  transition 
stage.  At  first,  large  numbers  of  bacteria  of  any  kind  were 
held  to  indicate  pollution.  Then  it  was  assumed  that  the 
presence  of  bacillus  coli  communis  in  any  numbers  indicated 
danger.  Next  it  was  admitted  that  these  might  be  present 
in  limited  numbers  in  surface  waters,  unless  they  were 
accompanied  by  others  of  a  suspicious  character.  Further 
experience  has  shown  that  during  periods  of  heavy  rainfall, 
when  the  water  level  in  the  ground  rises  and  the  water  has 
consequently  a  less  degree  of  filtration  through  the  groimd 
before  it  reaches  the  well,  the  bacillus  coli  commimis  and  its 
allied  forms  will  occasionally  be  present.  The  fact  that, 
under  these  circumstances,  the  total  quantity  of  chlorine  in 
the  water  will  frequently  be  diminished,  clearly  indicates 
that  the  source  of  pollution,  if  it  can  be  properly  so  called, 
cannot  be  due  to  ordinary  sewage  contamination.  In  all 
these  cases  it  is  most  important  that  the  history  of  the  water 
should  be  clearly  ascertained,  as  it  is  evidently  improper  to 
impute  serious  contamination  to  a  water  when  the  variations 
are  due  to  ordinary  causes  and  in  no  way  to  human  ex- 
cremental  pollution. 

Now  and  then  one  meets  with  reports  in  which  some  new 
form  of  bacterium  is  mentioned,  with  the  remark  that "  in  the 

x2 
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present  state  of  our  knowledge  the  importanoe  to  be  attached 
to  the  presence  of  this  organism  is  uncertain."  Such  sensa- 
tionalism is  to  be  most  strongly  deprecated.  Bacteriology 
has  done  yeoman  service,  and  requires  no  such  bolstering 
as  this  to  frighten  public  authorities  into  spending  money  on 
further  bacteriological  examinations,  which,  unless  controlled 
by  chemical  examinations  and  a  complete  knowledge  of  the 
facts,  are  apt,  as  in  the  past,  to  create  needless  apprehension. 


(    309    ) 


CHAPTEE  XX. 

VENTILATION  AND  DEODORISATION  OF  SEWERS, 

The  various  means  for  preventing  as  far  as  possible  the 
formation  of  offensive  gases  in  sewers,  and  for  disposing  of 
such  gases  when  formed  by  ventilating  the  sewers,  have 
received  the  earnest  attention  of  various  authorities  for  many 
years,  and  have  necessarily  been  under  the  constant  investi- 
gation of  persons  interested  in  the  sanitary  conditions  of 
towns.  The  mere  enumeration  of  all  the  schemes  suggested 
and  the  experiments  tried  would  occupy  much  space  to  no 
advantage.  Prior  to  the  year  1850  the  sewers  of  London 
were  almost  wholly  ventilated  by  means  of  gully  gratings  in 
the  gutters  at  the  edge  of  the  foot-pavements.  These 
gratings  were  at  times  mediums  of  great  offence  to  foot 
passengers  and  to  residents  in  the  houses  adjacent,  and  it 
became  necessary  to  trap  them.  In  the  year  1849,  Mr.  Henry 
Austin,  the  consulting  engineer  to  the  Metropolitan  Com- 
missioners of  Sewers,  recommended  that  the  trappings  should 
only  be  proceeded  with  as  other  means  of  ventilation  were 
provided,  otherwise  the  sewers  would  be  rendered  dangerous, 
and  Sir  Joseph  (then  Mr.)  Bazalgette  was  directed  by  the 
Commissioners  to  make  a  series  of  experiments  as  to  ventila- 
ting sewers  by  means  of  shafts  leading  from  the  crown  of  the 
sewers  to  gratings  in  the  centre  of  the  road.      These  experi- 
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merits  showed  that  a  reduction  of  the  nuisance  followed  from 
ventilating  through  shafts  and  trapping  the  side  gullies,  and 
consequently  that  method  of  ventilating  the  sewers  of  the 
metropolis  was  gradiially  adopted. 

In  view  of  the  considerable  improvements  brought  about 
by  this  alteration,  the  system  has  now  become  almost  uni- 
versal. The  change,  however,  did  not  reduce  the  quantity, 
or  materially  affect  the  nature  of  the  gases  rising  from  the 
sewers  in  the  streets.  In  their  diluted  form  the  sewer  emana- 
tions were  far  less  perceptible  to  pedestrians  and  residents 
than  formerly,  and  were  less  liable  to  be  injurious  to  health  ; 
but  as  they  were  still  at  times  a  nuisance,  it  appeared  desir- 
able either  to  dispose  of  them  in  some  other  way  or  to  render 
them  inoffensive  before  their  discharge  into  the  streets.  Of 
the  numerous  schemes  for  effecting  this  object  which  have 
been  suggested  from  time  to  time  since  1850,  by  far  the 
greater  number  have  been  found  on  careful  examination  to 
be  either  wholly  impracticable,  or  quite  unsuitable  for  a  large 
system  of  sewers. 

Sewer  gases  are  evolved  during  the  decomposition  of  sub- 
stances passing  tlirough  or  deposited  in  the  sewers  ;  and  this 
decomi^osition  takes  place  to  a  greater  extent  when  the 
contents  of  the  sewer  are  in  a  stagnant  or  nearly  stagnant 
condition.  A  much  less  quantity  of  gas  is  evolved  when  the 
temperature  is  low  and  the  sewage  is  diluted  and  flowing 
through  the  sewer  freely.  It  is  therefore  of  the  first  im- 
portance that  sewers  should  be  constinicted  with  as  good  a 
fall  as  practicable,  and  should  have  a  copious  flow  of  water 
through  them.  The  discharge  into  the  sewers  of  specially 
offensive  trade  refuse  or  filth  also  gives  rise  to  offensive  gases 
in  the  sewers.  Although  to  cause  such  a  discharge  is  an 
offence,  it  is  unfortunately  done  to  a  great  extent,  and  the 
difficulty  of  detecting  such  practices  is  considerable.  Another 
source  of  special  nuisance  arises  from  the  discharge,  from 
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maniifaotories  and  other  places,  of  steam  or  hot  water  into 
sewers.     In  the  metropolis  this  is  now  a  legal  offence. 

The  want  of  sufficient  water  carriage  is  one  of  the  principal 
causes  of  nuisance.  However  offensive  sewage  may  be  when 
stagnant,  it  gives  off  Kttle  offensive  effluvium  when  it  is  fresh 
and  largely  diluted  with  water  flowing  at  a  fair  velocity. 
The  extent  to  which  it  is  diluted  determines  the  degree  of 
the  offensiveness  of  the  sewage  itself,  and  swiftness  of  flow 
removes  it  before  material  decomposition  sets  in.  Ample 
flushing  is  therefore  the  best  remedy. 

The  late  Sir  Joseph  Bazalgette  reported  in  1866  as 
follows  : — "  The  most  efficacious  and  most  universally 
appKcable  mode  of  preventing  the  escape  of  noxious  gas  is 
so  to  construct  the  sewers  that  a  continuous  flow  shall  be 
kept  up  in  them,  and  to  provide  them  with  a  sufficiently 
copious  supply  of  water,  that  decomposing  matters  within 
them  shall  be  diluted  and  instantaneously  removed,  and  not 
allowed  to  settle  or  ferment  in  the  sewers.  Much  improve- 
ment has  already  been  eflFected  in  the  ventilation  of  the 
London  sewers  by  the  abolition  of  the  tide-locked  and  stag- 
nant sewers,  and  much  more  may  yet  be  accomplished  by  the 
introduction  of  a  more  copious  supply  of  water." 

The  practice  of  flushing  varies  very  considerably,  both  as 
to  times  and  methods.  In  some  cases  the  smaller  sewers  are 
usually  flushed  with  water  drawn  from  the  stand  pipes  on  the 
water  companies'  mains,  and  discharged  into  the  sewers 
through  hose,  or  by  means  of  water  vans.  In  some  cases, 
however,  the  water  is  not  sent  at  once  into  the  sewers,  but 
is  accimiulated  in  the  shafts  or  side  entrances,  and  is  then 
suddenly  discharged,  the  sewers  being  effectually  scoured  for 
some  distance.  A  still  larger  head  of  water  is  sometimes 
obtained  by  the  use  of  storage  tanks,  from  which  the  water 
is  suddenly  discharged,  either  by  hand  or  automatically,  and 
in  many  cases  this  is  most  successful. 
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The  escape  of  sewer  gas  is  at  times  very  pereeptible  at  the 
upper  end  of  branch  sewers,  and  it  is  therefore  necessary  that 
provision  should  be  made  for  flushing  from  the  commence- 
ment or  "dead  ends'*  of  local  sewers,  as  in  the  absence  of 
such  flushing  those  sewers  are  in  dry  seasons  specially  liable 
to  be  sources  of  nuisance. 

In  order  to  prevent  the  escape  of  gases  from  the  sewers 
during  flushingj  provision  must  be  made  for  ventilation, 
otherwise  the  escaping  gases  would  be  forced  through  the 
traps  into  houses  at  eveij  sudden  discharge  into  the  sewers, 
and  the  health  of  the  inhabitants  of  eveiy  household  im- 
perflled* 

The  conditions  governing  the  ventilation  of  sewers  have 
been  a  matter  of  considerable  debate.  Many  people  are  of 
opinion  that  temperature  is  the  only  factor.  On  the  other 
hand,  the  late  Mr.  Santo  Crimp,  who  paid  considerable  atten- 
tion to  the  question,  was  strongly  of  opinion  that  the  direc- 
tion of  the  wind  is  the  chief  controlling  factor,  and  he  gave 
many  instances  in  support  of  his  contention.  The  advocates 
of  the  temperature  theory  contend  that  as  the  temperature  of 
the  air  of  the  sewers  is  lower  than  that  of  the  external 
atmosphere,  when  no  other  influence  is  at  work  the  oolder 
atmosphere  of  the  sewer,  being  heavier  than  the  external 
air^  i^mains  in  the  sewers ;  but  when  the  outer  air  becomes 
colder,  and  consequently  heavier  than  the  sewer  air,  it  presses 
down  through  some  of  the  openings  of  the  sewer  and  drives 
out  the  warmer  and  lighter  air  through  other  openings,  as 
for  instance^  in  the  cool  of  the  evening  in  hot  dry  seasons, 
at  which  times  the  nuisance  from  ventilators  is  stated  to  be 
probably  at  its  w^orst. 

During  the  autumn  and  winter  months  the  average  tempem- 
ture  of  the  air  of  sewers  is  wanner  than  the  external  atmosphere 
by  about  7  deg.  Fahr*  In  spring,  the  temperature  is  about 
equal ;  and  in  summer,  the  external  day  temperature  averages 


Artificial  Ventilation.  313 

over  3  deg.  wanner  than  that  in  the  sewers.  At  night  the 
temperature  of  sewers,  at  all  times  of  the  year,  is  usually  higher 
than  the  temperature  of  the  external  air.  It  will  therefore  be 
seen  that  throughout  the  greater  part  of  the  year,  the  law  by 
which  the  heavier  external  air  forces  out  by  its  greater  weight 
the  warmer  air  of  the  sewers  is  in  operation ;  and,  if  proper 
facilities  are  given,  such  ventilation  of  the  sewers  ensues. 
The  temperature  of  the  air  of  sewers  is,  however,  affected 
locally  by  hot  water  and  other  liquids  poured  into  them. 
Every  such  discharge  at  onco  raises  the  temperature  of  the 
air  in  its  \'icinity,  and  the  sudden  expansion  which  follows 
causes  air  to  escape  up  the  nearest  opening. 

In  like  manner,  every  increase  in  the  quantity  of  sewage 
by  a  discharge  from  a  drain  into  the  sewer  expels  air 
from  the  sewers,  and  assists  ventilation.  In  fact,  every  rise 
or  fall  in  the  level  of  the  sewage  either  expels  air  from  or 
draws  it  into  the  sewer ;  and,  as  the  level  of  the  sewage  is 
constantly  changing,  this  materially  assists  ventilation. 

In  a  system  of  sewers  ventilation  should  be  as  constant  as 
possible  in  its  operation ;  it  should  effect  the  greatest  possible 
change  in  the  air  of  the  sewer  witli  the  least  amount  of 
nuisance  to  the  public ;  and  it  should  do  this  automatically 
and  economically.  That  no  system  of  ventilation  has  been 
found  which  is  entirely  successful  is  probably  due  to  the  fact 
that  the  complexity  of  the  conditions  renders  a  perfect  system 
very  difficult  of  attainment.  Of  the  numerous  schemes  that 
have  been  proposed,  by  far  the  greater  number  deal  with  one 
section  of  the  subject  only,  and  do  not  take  into  account  all 
the  practical  considerations  affecting  sewers. 

As  an  instance  of  this  may  be  mentioned  the  proposal 
frequently  made  that  the  principle  adopted  in  the  ventilation 
of  mines  should  be  appKed  to  sewers.  That  system,  as 
appKed  in  mines,  has  proved  very  successful  indeed.    Fresh 
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air  is  drawn  through  one  downcast  shaft,  and  travels  through 
the  various  galleries  and  cuttings  to  an  upcast  shaft,  through 
which  it  passes  from  the  mine.  The  force  which  moves  the 
air  is  either  a  fire  in  the  upcast  shaft  or  a  fan.  It  has  heen 
assumed  that  such  a  method  cannot  be  applied  to  a  system  of 
sewers,  because  instead  of  the  air  entering  at  one  point  and 
beiug  quickly  distributed  throughout  the  system,  it  would  be 
drawn  into  the  sewers  only  through  the  drain  openings 
nearest  to  the  fan  or  exhaust  shaft,  and  the  remainder  of  the 
sewers  would  receive  no  benefit.  Formerly,  no  doubt,  this 
was  so,  but  recent  improvements  in  electrically-driven  fans 
have  shown  that  the  difficulty  is  not  insurmountable.  For 
instance,  the  Aldous  system,  tested  by  me  at  West  Ham, 
entirely  withdrew  the  impure  atmosphere  from  a  series  of 
sewers  having  a  combined  length  of  6,200  feet,  varying  in 
size  from  a  3  ft.  X  2  ft.  culvert  to  a  12  in.  tube.  The 
following  are  the  particulars  of  the  experiment. 

My  observations  were  particularly  directed  to  two  points, 
viz. : — 

(a)  The  effect  of  the  process  in  removing  the  existing  air 

in  the  group  of  sewers  selected  for  the  trial. 

(b)  The  rapidity  with  which  this  removal  took  place. 

With  these  objects  in  view,  I  charged  a  group  of  sewers 
at  six  different  points  distributed  fairly  over  the  area  under 
examination  with  sulphiu'ous  acid  gas,  and  watched  its  dis- 
appearance from  these  i^oints  and  subsequent  re-appearance 
at  the  outlet  from  the  fan  exhaust  which  was  working  at 
the  end  of  the  allotted  district,  the  site  having  been  selected 
in  order  that  the  system  might  be  tried  imder  the  most 
stringent  conditions. 


794  ft  from  the  fan  . 

11.40  a.m. 

760 

11.65    „ 

1,021 

.     12.5   p.m. 

1,232        „ 

12.16     „ 

1,091         ,, 

12.25     „ 

1,241 

12.35     „ 
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On  December  19th,  1901,  the  gaseous  acid  was  discharged 
into  the  sewers  as  follows : — 

Sarah  Street,  dead  end  of  sewer, 

Charlotte  Street        ,,         ,, 

Hack  Road,  on  outer  boundary 

Catherine  Street,  highest  point 

Queen*s  Road,  main  sewer 

Bengeo  Street,  dead  end 

The  fan  in  Rivctt  Street,  Viotoria  Dock  Road,  was  started  at  12.35    ,, 

A  few  minutes  before  starting  the  fan,  on  examining  the 
lamp-holes  in  Queen's  Road  at  points  further  away  from  the 
fan  than  that  at  which  the  sulphurous  acid  had  been  intro- 
duced, the  acid  was  distinctly  detected,  thus  showing  that 
the  acid  gas  had  travelled  up  the  sewer  away  from  the  fan 
in  the  few  minutes'  interval  which  elapsed  before  the  fan  was 
started. 

After  the  fan  had  been  at  work  about  twenty  minutes,  the 
acid  was  present  in  the  exhaust  pipe  in  considerable  quan-> 
tities,  but  ceased  to  appear  about  2  p.m.,  or  an  hour  and  a 
half  after  the  last  quantity  was  put  in  at  the  dead  end  in 
Bengeo  Street,  1,241  feet  away. 

The  various  man-holes  were  inspected  whilst  the  fan  was 
at  work,  and  in  every  case  there  was  a  distinct  down- 
draught  into  the  sewer,  this  being  clearly  observable  even  in 
the  Queen's  Road  sewer  beyond  Lansdowne  Road,  a  con- 
siderable distance  outside  the  area  selected  for  the  trial. 

Between  4.5  and  4.15  p.m.  a  further  quantity  of  sul- 
phurous acid  was  discharged  into  a  man-hole  in  Catherine 
Street,  1,232  feet  from  the  fan — and  was  detected  at  the 
exhaust  pipe  at  4.30  p.m.,  but  ceased  to  be  detectable  at 
4.55  p.m.,  thus  clearly  demonstrating  that  the  air  of  the 
sewer  on  the  extreme  boundary  of  the  series  was  changed, 
notwithstanding  the  many  intermediate  ventilators  and  man- 
holes, within  twenty-five  minutes,  although  the  fan  had  first 
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to  set  up  an  exhaust  in  a  3  ft.  X  2  ft.  culvert  before  it  oould 
affect  the  local  sewers  in  question. 

On  the  31st  December,  1901,  further  trials  were  made 
with  sulphurous  acid,  which  was  introduced  into  the  sewer 
through  a  lamp-hole  in  Queen's  Eoad,  near  Lansdowne 
Eoad,  at  4.45  p.m.,  the  fan  being  at  work.  The  acid 
appeared  at  the  fan  at  5.10  p.m.,  or  in  twenty-five  minutes 
after  it  was  placed  in  the  sewer,  1,469  feet  distant.  At 
5.45  p.m.  it  was  no  longer  detected  at  the  fan,  showing  that 
the  atmosphere  was  not  only  changed  in  the  sewer  at  Lans- 
downe Eoad,  quite  outside  the  district  selected  for  trial,  but 
that  the  impure  atmosphere  had  been  entirely  withdrawn 
from  the  sewers  under  experiment  in  less  than  an  hour. 

In  addition  to  the  foregoing,  further  tests  were  made  to 
ascertain  the  effect  of  the  system  on  the  quantity  of  carbonic 
acid  present  in  the  atmosphere  of  the  sewer  before  and  after 
the  fan  had  been  at  work. 

These  were  made  on  the  31st  December  last,  with  the  fol- 
lowing results : — 

Carbonic  acid  present  in  the  sewer  air,  stated  in  parts 
per  10,000. 


Sarah  Street    . . 

. .     11  a.m. 

Before  the  fan  started. 
7-6 

Hack  Hoad 

..     11.15  a.m. 

4-7 

Queen's  Road 

..     11.30  a.m. 

7-2 

Sarah  Street    . . 

3.15  p.m. 

After  the  fan  had  been 
working  3  hours. 

4-9 

Hack  Road     . , 

..       3.25  p.m. 

4-5 

Queen's  Road 

3.30  p.m. 

4-9 

From  these  results  it  is  evident  that  the  impure  atmosphere 
in  the  sewer  before  the  fan  started  must  have  been  removed 
and  its  place  supplied  by  atmosphere  from  the  streets. 

With  reference  to  the  Hack  Eoad  results,  it  was  observed 
that  during  the  period  of  the  tests,  the  cover  of  a  man-hole 
in  that  road  had  been  removed  by  some  men  engaged  in  work 


of  Sewers.  317 

on  the  sewers,  thus  accounting  for  the  lower  quantity  of 
carbonic  acid  found  before  the  fan  was  at  work. 

Having  regard  to  the  definite  and  repeated  results  obtained 
in  the  above  most  carefully  conducted  experiments,  there  can 
be  no  doubt  as  to  the  practical  efficiency  of  the  system,  which, 
although  working  under  designedly  difficult  circumstances 
with  regard  to  the  position  of  the  fan,  in  order  to  give  a 
thorough  trial,  produced  a  continued  and  effectual  replace- 
ment of  the  foul  sewer  air  by  a  fresh  supply,  over  a  total 
length  of  about  6,200  feet  of  sewers,  varying  in  size  from  a 
3  ft.  X  2  ft.  culvert  to  a  12  in.  tube. 

The  rate  at  which  the  fan  withdrew  air  from  the  sewer  was 
630  feet  linear  per  minute  from  the  9  in.  diameter  pipe, 
showing,  during  a  three  hours'  run,  an  exhaust  from  the 
sewer  equal  to  42,167  cubic  feet. 

The  methods  of  ventilating  sewers  that  experience  has 
shown  to  be  practicable  are : — 

{a)  By  surface  ventilation :  that  is  to  say,  by  shafts  lead- 
ing from  the  crown  of  the  sewers  to  the  centre  of  the 
road,  covered  at  the  road  level  by  open  gratings. 

(J)  By  large  and  small  separate  shafts  and  factory  chim- 
neys, in  which  fire  or  other  heat  is  the  suction  power. 

(e)  By  pipes  or  shafts  without  heat. 

(rf)  By  air  currents  mechanically  inducod  by  fans. 

The  objection  to  surface  ventilators  is  rather  on  account  of 
the  gases  escaping  from  them  being  more  directly  in  evidence 
than  to  their  being  more  dangerous  to  health  than  any  other 
method  of  ventilation.  Although  the  improvement  effected 
by  removing  the  points  at  which  sewer  gas  escapes  from  the 
side  of  the  footpaths  to  the  centre  of  the  road  is  very  great, 
both  in  reducing  offence  and  in  minimising  danger  to  health, 
there  can  be  no  doubt  that  at  times  the  system  is,  as  at 
present  carried  out,  a  serious  cause  of  nuisance. 
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Tlie  question  of  deodorieing  a^wer  gases  before  their  escape 
tlirough  the  ventilating  shafts  or  Biirfaoe  gratings  has  receiTed 
much  attention  from  drainage  authorities  and  others  interested 
in  the  subject.  If,  without  materially  interfering  with  the 
ventilation  of  the  sewers,  the  gaaea  could  be  readily^  eeono- 
micallj,  and  effectually  deodorised  before  reaching  the 
exterior  air,  one  of  the  greatest  diflSoulties  in  connection  with 
the  subject  would  be  solved.  This  object  has  been  attempted 
in  various  wnySj  either  by  means  ol  fire,  by  the  agency  of 
chemical  substances,  or,  more  generally,  by  means  of  charcoal* 
General  experiencej  however,  has  shown  that  the  method  of 
filtering  the  gases  through  cages  containing  charcoal  is  a 
fadure  in  consequence  of  the  charcoal  becoming  wet  or 
clogged,  and  thereby  being  rendered  uselesa.  This  system 
appears  to  be  generally  abandoned. 

If  it  be  desired  to  adopt  a  chemical  method  of  deodoriBing 
the  sewage  and  thereby  prevent  noxious  emanations,  this  can 
only  be  done  in  one  way,  vi^*,  by  adding  a  solution  of  per- 
manganate of  potashj  or  soda,  dii'ectly  to  the  sewage,  and  so 
keeping  it  in  a  comparatively  fresh  condition  until  it^  arrival 
at  the  sewage  works.  The  result  of  experience  has  been  to 
ehowraost  clearly  that  the  quantity  of  permanganate  required 
to  destroy  existing  foul  odonre,  and  to  stay  the  production  of 
others,  is  exceedingly  small,  being  only  from  one  to  two 
grains  per  gallon.  To  obtain  the  maximum  effect  with  the 
minimum  expenditure  it  is  advisable  that  the  points  of  appli- 
cation shoiUdbe  multiphed  to  the  greatest  extent  practicable; 
and  householders  should  be  urged  to  systematically  use  this 
and  aimilur  oxidising  disinfectants  freely.  Various  expe- 
dients have  been  suggested  for  the  purpose  of  accomi>lishiiig 
this  object.  One  very  simple  arrangement  was  to  fill  a 
porous  pot,  such  as  used  for  electric  batteries,  with  the 
crystals  of  permanganate  of  potash,  and  suspend  this  in  the 
special  cistern  supplying  the  lavatory,  Ac,  when  a  slow 
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solvent  action  took  place  by  osmosis  through  the  pores  of  the 
vessel,  and  the  water  in  the  cistern  was  thus  kept  charged 
with  dissolved  permanganate.  Such  a  system,  if  imiversally 
adopted,  would  be  of  the  greatest  possible  benefit. 

Some  time  back  Mr.  Harris  Reeves  took  up  the  idea, 
suggested  by  the  use  of  manganate  of  soda  and  sulphuric 
acid  for  the  temporary  deodorisation  of  the  London  sewage 
pending  the  opening  of  the  outfall  precipitation  works,  and 
constructed  a  convenient  arrangement  of  earthenware,  by 
means  of  which  a  solution  of  manganate  of  soda  was  con- 
stantly prepared,  and  to  this  was  added,  as  it  flowed  over  a 
porcelain  capsule,  strong  sulphuric  acid,  the  action  of  which 
not  only  converted  the  cheap  manganate  of  soda  into  the 
permanganate,  but  by  the  heat  set  up  by  the  action  of  the 
acid  evolved  vapours  of  permanganic  acid,  probably  one  of 
the  most  powerful  deodorants  we  have. 

This  system  appears  to  have  been  tried  at  various  places 
with  marked  success  for  the  purpose  of  dealing  with  special 
ventilators  which  have  been  found  to  be  a  nuisance.  In  one 
case  nine  man-holes  were  so  treated  at  a  first  cost  of  112/., 
and  an  annual  working  expense  for  manganate  of  soda  and 
sulphuric  acid  of  20/.,  the  labour  being  performed  by  the 
ordinary  staff  without  extra  cost.  Equally  satisfactory  re- 
sults appear  to  have  been  obtained  elsewhere,  but  it  is  evident 
that  the  cost  of  this  system  is  against  its  general  adoption 
for  all  man-holes,  however  suitable  it  may  be  for  special 
cases. 

As  the  result  of  most  careful  inquiry  into  the  whole 
question  of  the  cleansing  and  ventilation  of  sewers  by  the 
Special  Purposes  and  Sanitary  Committee  of  the  late  Metro- 
politan Board  of  Works,  that  Committee  reported  in  January, 
1886,  the  following  conclusions  and  recommendations  on  the 
subject : — 

(1.)  That  old,  defective,  disused,  or  partially  disused  sewers 
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ehould  be  disoonnected  from  the  present  sewerage  system, 
oleai^ed  and  filled  up ;  and  that,  where  necessary,  pipei  or 
other  proper  sewers  should  be  substituted, 

(2.)  That  stringent  measures  be  tuken  for  preventing 
road  a  weepings  passing  into  s(>werSj  and  for  preventing  the 
discharge  into  sewc^rs  from  manufactories  and  other  places 
of  improper  suhstanceSj  such  as  chemical  refuse  or  trade 
filth,  or  of  hot  water  or  steam  ^  so  as  to  be  the  cause  of 
nuisance. 

(3.)  That  the  most  important  requirement  for  keeping 
sewers  in  satisfactory  condition  is  a  supply  of  water  sufficient 
in  quantity  to  carry  the  sewage  in  suspension  through  the 
eewers. 

(4*)  That  wheneyer  the  supply  of  water  is  insufficient  for 
cleansing  the  sewers,  effectual  provision  for  eleansing  such 
sowers  should  be  adopted  by  flushing  or  other  means* 

(5.)  That  one  of  the  most  effectual  methods  of  flushing 
would  be  by  means  of  water  simultaneously  discharged  into 
houi^e  drains,  and  such  a  simidtaneous  discharge  would  flush 
bninch  sewers,  then  local  sewers,  and  finally  main  sewers ; 
that  such  method  of  flushing  can  bo  effectually  carried  out 
by  householders  flushing  their  house  drains  periodically  and 
simultaneously  at  stated  times  ;  that  a  great  number  of 
householdei-3  would  probably  be  willing  to  co-operate  with 
the  Authorities  in  improving  the  condition  of  the  sewers  in 
their  district  in  this  way ;  and  that  it  is  desirable  that  tlte 
several  Vestries  and  District  Boards  should  intimate  upon 
what  days  and  at  what  hours  householders  should  flush  their 
drains, 

(6,)  Tliat  provision  near  the  heads  of  branch  sewers  for 
flushing  such  sewers  from  their  commencement  is  to  be 
desired. 

(7.)  That  the  practice  of  flushing  the  courts,  aUeys^  small 
streetsj  &o.j  in  poor  districts  in  summer  is  to  be  highly 
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recommended  as  a  desirable  method  of  flushing  sewers  and 
improving  the  sanitary  condition  of  the  districts. 

(8.)  That  next  to  effectual  cleansing  one  of  the  most 
important  safegfuards  against  nuisance  and  danger  to  health 
from  sewers  is  the  dilution  of  the  gases  therein  by  a  constant 
and  plentiful  supply  of  fresh  air  to  the  sewers  by  means  of 
effective  ventilation. 

(9.)  That  the  ventilation  of  sewers  in  the  metropolis  by 
means  of  ventilating  shafts  leading  to  gratings  in  the  centre 
of  roadways  has  been  the  cause  of  complaint,  owing  to  the 
imperfect  manner  in  which  the  system  has  been  carried  out, 
the  ventilators  being  deficient  both  in  size  and  numbers. 

(10.)  That  the  surface  ventilators  to  the  recently- constructed 
sewers  have  ordinarily  been  placed  at  a  distance  of  from  fifty 
to  sixty  yards  apart,  with  air  openings  in  the  gratings  equal 
to  sixty  square  inches ;  and  that  the  number  and  size  of 
many  of  the  ventilatora  and  the  sewers  in  the  metropolis 
should  be  increased. 

(11.)  That  the  amoimt  of  ventilation  aflForded  by  large 
special  ventilating  shafts  is  in  no  way  commensurate  with 
their  cost,  and  that  the  adoption  of  such  shafts,  with  or 
without  fire  heat,  or  the  connection  of  the  sewers  with  factory 
shafts,  can  only  be  adopted  in  very  exceptional  circumstances. 
Where  shafts  with  fire  are  used,  the  sewer  gases  should  be 
allowed  to  pass  into  such  shafts  over  as  well  as  through  the 
fires,  otherwise  the  amount  of  ventilation  afforded  will  be 
very  limited. 

(12.)  That  pipe  ventilators  of  large  section,  and  constructed 
with  bends,  and  without  angles,  can  be  used  with  great 
advantage  in  addition  to,  and  not  in  substitution  for,  surfeu^e 
ventilators,  wherever  the  consent  of  owners  and  occupiers  can 
be  obtained  to  such  ventilators  being  affixed. 

(13.)  That  your  Committee  ore  of  opinion  that  the  ventila- 
tion of  the  sewers  of  the  metropolis  may  bo  improved  by 
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altaiing  the  eonstniotion  of  many  of  the  Btirface  Yentiktors 
as  previously  recommendedj  and  by  caixying  up  large  jjip© 
ventilators  at  csonvenient  points  wherever  prac^ticable, 

(14.)  That  the  use  of  charcoal  or  of  other  appliances  for 
deodorising  gases  in  sewer  ventilators  is  undesirahle,  as  such 
appliances  do  much  harm  by  obstructing  ventilation,  ore 
costly  and  troublesome^  and  are  quite  unsuitable  for  general 
use  over  a  large  sewerage  system* 

(15*)  That  during  the  cold  and  wet  seasons  the  arrange- 
ments suggested  in  thiB  report  for  providing  ventilation  will 
be  sufficient,  as  putrefaction  proceeds  slowly  at  low  tempera- 
tures ;  and  when  the  sewage  is  diluted  with  large  volumes  of 
fresh  water,  that  the  foul  matters  pass  fi-om  the  sewers  before 
material  quantities  of  offensive  gases  are  generated. 

(IC)  That  during  dry  and  hot  weather  the  foregoing 
recommendationa  respecting  tlio  flushing  and  cleansing  be 
carried  out  aa  far  as  practicable^  especially  in  sewers  having 
only  a  small  flow  of  water. 

(17,)  That  in  addition  to  these  precautions^  a  system  of 
deodorisation  during  the  summer  be  arranged  for  the  main 
sewers  on  the  plan  adopted  by  the  Board  during  the  past 
summer  (by  permanganate  of  soda) ;  and  that  Local  Boards 
be  requested  to  adopt  a  similar  system  with  local  sewers,  and 
to  use  all  their  influence  to  induce  householders  to  employ  in 
their  house-drains  suitiiblo  deodorising  agents  during  periods 
of  high  temperature  and  di^ought. 

(18.)  That  manufacturers  and  others  discharging  refuse 
into  the  eewers  be  compelled  to  bo  treat  their  waste  (by  such 
process  as  they  may  deem  fit,  but  to  the  BoaiMi's  satisfaction) 
that  it  shall  have  no  greater  deo^idmng  powers  tiian  the 
average  household  sewage. 


In  the  coiu^se  of  a  series  of  experiments  on  the  micro- 
organisms contained  in  sewer  air  made  for  the  Main  Drainage 
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Committee  of  the  London  County  Council  by  Mr.  J.  Parry 
Laws,  F.I.C.,  that  gentleman  oame  to  the  conclusion  that 
they  were  not  only  less  in  number  than  the  micro-organisms 
in  fresh  air  in  the  vicinity  at  the  same  time,  but  that  they 
were  also  apparently  related  to  and  derived  from  those  of 
fresh  air  rather  than  from  the  sewage ;  and  further,  that  no 
evidence  was  forthcoming  that  sewage  was  able  to  give  off 
micro-organisms  to  the  air  in  contact  with  it.  Inasmuch  as 
these  conclusions  were  not  in  harmony  with  generally-accepted 
views — although  not  published  for  the  first  time,  as  was 
shown  by  Drs.  Camelly  and  Haldane  a  few  years  pre- 
viously— it  became  of  great  importance  to  gain  corroborative 
evidence  upon  the  point  by  a  study  of  the  organisms  existing 
in  sewage,  and  to  this  end  further  investigations  were  carried 
out  at  the  instance  of  the  Committee  by  Mr.  Parry  Laws  in 
conjunction  with  Dr.  F.  W.  Andrews  in  1894. 

The  conclusions  arrived  at  by  these  gentlemen,  so  far  as 
related  to  the  first  part  of  their  investigations,  were  as 
follows : — 

'  CONCLUSIONS  OF  MESSRS.  LAWS  AND  ANDREWS. 

"  If  we  now  proceed  to  contrast  the  micro-organisms  which 
we  have  found  present  in  London  sewage,  as  above  described, 
with  those  foimd  in  the  air  of  London  sewers,  and  described 
in  a  previous  report,  certain  striking  differences  become  at 
once  apparent.  The  most  striking  is  the  absence  of  moulds 
from  sewage.  Out  of  the  many  thousand  colonies  which 
arose  in  the  numerous  plates  which  were  made,  moulds 
occurred  only  seven  times,  and  of  those  seven  moulds  one, 
and  one  only,  was  allied  to  the  common  species  existing  in 
sewer  air.  This  result  coincides  with  that  obtained  by  Jordan 
in  the  sewage  of  Lawrence,  Mass.  '  Moulds,'  he  says, '  are 
found  rarely  in  the  sewage  and  effluents.'  Further,  the 
same  striking  result  was  obtained  by  Mr.  Dibdin  in  a  series 
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of  experlmenta  he  made  on  ihe  number  of  micro-organlsnis 
in  Barking  sewage.  In  sewer  air,  on  tlie  contrary,  moulds 
Trere  found  to  be  a  prcKiominatiDg  feature,  forming  on  an 
average  no  less  than  64- 33  per  cont.  of  the  total  colonies. 
The  proportion,  however,  varies  aceordiDg  to  season;  in 
winter  it  may  be  as  low  as  13'33  per  cent.,  while  in  the 
Bummer  months  it  may  rise  as  liigh  as  82*6  per  cent,  of  the 
total.  It  is  right,  however,  to  point  out  that  in  our  sewage 
experiments,  agar-agar,  which  is  a  less  favourable  medium 
than  gelatin  for  the  growth  of  moulds,  w^aa  employed, 
whereas  in  the  estimation  of  the  organisms  present  in  sewer 
air  gelatin  was  used.  This,  however,  does  not  materially 
affect  our  results,  since  most  moulds  grow  well  on  agar-agar 
at  a  temperature  of  22  deg.  Cent.  Jordan  and  Dibdin, 
moreover,  employed  gelatin  plates  only, 

"  Bacillus  coll  communis  was  found,  with  one  exception,  in 
each  sample  of  sewage  we  examined,  and  varied  in  numbers 
from  20,000  to  200,000  per  cubic  centimetre.  In  addition 
we  isolated  in  every  case  many  bacilli  which,  although  in- 
distinguishable in  cultural  features  from  bacillus  coli  eom- 
munis,  nevertheless  gave  only  one,  or  at  most  tw*o,  of  the 
three  choracteristio  chemical  reactions.  These  bacilli  in  most 
inatances  far  outnumbered  the  true  bacillus  coli  communis. 
Nevertheless,  neither  B.  coli  communis  nor  any  of  its  close 
allies  were  ever  found  in  sewer  air.  Furthermore,  we  have 
obtained  enormous  numbers  of  sarcina,  amountiug  in  one 
ease  to  over  300,000  per  cubic  oentimetrej  yet  we  have  not 
found  one  single  colony  of  sarcina  lutea,  which  is  bo  common 
in  sewer  air  and  fresh  air. 

'*  The  flora  of  sewage  naturally  embraces  a  veiy  large  num- 
ber of  different  species  of  bacteria,  but  when  we  consider  the 
enormous  number  of  micro-organisms  per  cubic  centimetre 
and  the  extreme  degree  of  dilution  that  it  is  necessary  to 
employ  in  makiug  cultivations,  it  will  be  evident  that  wo 
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have  probably  isolated  only  those  species  which  are  present 
in  comparatively  large  numbers.  The  following  organisms 
are  those  which  we  have  found  to  be  present  in  numbers 
varying  from  200,000  to  2,500,000  per  cubic  centimetre — 
bacillus  fluorescens  stercoralis,  bacillus  albus  putidus,  bacillus 
fluorescens  liquefaciens,  bacillus  cloacce  fluorescens,  bacillus 
mycoides,  proteus  cloacinus,  proteus  Zenkeri,  a  streptococcus 
coagulating  milk,  staphylococcus  pyogenes  citreus,  sarcina 
flava  and  its  allies,  and  diplococcus  albicans  tardissimus. 
Other  bacilli,  which  rapidly  liquefy  gelatin  and  produce  a 
green  fluorescence,  were  found  in  nimibers  varying  from 
10,000  to  200,000  per  cubic  centimetre. 

"  A  further  difference  between  the  bacteria  of  sewer  air  and 
those  of  sewage  lies  in  the  relative  proportions  of  micrococci 
and  bacilli.  The  bacteria  of  sewer  air  were  found  to  con- 
sist mainly  of  micrococci,  bacilli  forming  but  a  small  propor- 
tion of  the  total  species  found.  The  bacilli  found  were  B. 
subtilis,  B.  aureus,  B.  arborescens,  B.  helvolus,  B.  nigrescens, 
and  B.  acidi  lactid.  In  sewage  itself,  however,  there  can 
be  no  doubt  that  bacilli  preponderate  over  micrococci,  prob- 
ably in  actual  numbers,  certainly  in  the  numbers  of  species 
present.  The  large  majority  of  those  species  which  we  have 
been  obliged  to  pass  over  were  bacilli.  This  was  less  notice- 
able in  the  fresh  sewage  taken  from  St.  Bartholomew's 
Hospital,  where  the  large  number  of  streptococcus  colonies 
materially  altered  the  ratio  between  the  bacilli  and  micro- 
cocci; in  the  sewage  taken  from  Snow  Hill  and  Barking 
the  bacilli  showed  a  distinct  numerical  preponderance.  This 
result  again  is  in  harmony  with  that  obtained  by  other 
observers,  indeed  the  results  we  have  obtained  show  a  some- 
what smaller  preponderance  of  bacilli  over  cocci  than  has 
been  recorded  by  others.  Jordan  states  that  the  comparative 
absence  of  miorocoooi  from  sewage  is  a  striking  and  highly 
remarkable  ciroumstanoe.     In  any  ease,  the  facts  again  come 
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out  in  striking  confirmation  of  the  view  that  the  orgamsms 
present  in  sewer  air  are  not  derived  to  any  essential  extent 
from  the  sewage,  or  they  would  show  to  some  degree  the 
Bame  relative  ratio  of  micrococci  to  tacilH*  The  argument 
receives  also  important  confirmation  from  other  eonsidera- 
tiona.  A  large  proportion  of  the  bacteria  of  sewage  have  the 
property  of  very  rapidly  liquefying  the  nutrient  gelatin 
used  as  a  cultural  medium— so  large  a  proportion,  indeed,  as 
to  make  gelatin  an  impossible  medium  to  employ  in  esti- 
mating their  numbers.  In  sewer  air,  on  the  contraryi 
organisms  rapidly  liquefying  gelatin  were  found  to  bo 
practically  absents  ^  ^^^  impossible  to  explain  on  the 
assumption  that  sewer  air  is  able  to  take  up  bacteria  from 
sewage. 

"Again,  the  number  of  micro-organisms  existing  in  sewer 
air  appears  to  be  entirely  dependent  upon  the  number  of 
micro-organisms  existing  in  the  fresh  air  at  the  same  time 
and  in  the  same  vicinity.  With  the  advance  of  the  colder 
weather,  and  consequent  rapid  decrease  in  the  number  of 
ndcro-organisms  in  fresh  air,  we  find  a  corresponding  decrease 
in  the  number  of  the  micro-organisms  of  sewer  air,  although 
the  temperature  of  the  sewer  air  and  sewage  suffer  but  a 
comparatively  slight  variation, 

'*  If  the  organisms  existing  in  sewer  air  were  derived  from 
those  existing  in  sewage,  then  the  flora  of  sewer  air  should 
bear  a  very  close  resemblance  to  the  flora  of  sewage.  Wlien, 
however,  we  compare  the  organisms  which  have  hitherto 
been  isolated  from  sewer  afr  with  those  species  which  wo 
have  found  to  be  predominant  in  sewage,  it  is  at  once  evident 
that  they  bear  no  resemblance  whatever  to  one  another  [ 
indeed,  we  may  go  even  further,  and  state  that,  bo  far  as  we 
are  aware,  not  a  single  colony  of  any  of  those  species  which 
we  have  found  predominant  in  sewage  has  becm  isolated  from 
sewer  air»      We  consider,  therefore,  that  the  study  of  the 
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sewage  bacteria,  on  which  we  have  been  engaged,  fully 
confirms  the  conclusion  previously  arrived  at  from  the  study 
of  the  micro-organisms  of  sewer  air,  viz.,  that  there  is 
no  relationship  between  the  organisms  of  sewer  air  and 
sewage. 

^'  It  is  possible  that  some  of  the  ill  effects  which  have  been 
erroneously  ascribed  to  sewer  air  may  be  due  to  subsoU 
air  derived  from  soil  polluted  by  constant  infiltration  of 
excremental  matter  through  a  leaky  drain.  It  is  a  well- 
recognised  fact  that  subsoil  air  does  at  times  gain  access  to 
our  dwellings,  either  through  the  pressure  of  the  wind  on  the 
surfatce  of  the  groimd,  or  from  currents  induced  by  wide 
differences  between  the  exterior  and  interior  temperatures. 
Under  such  conditions  it  is  possible  that  sewage  may 
gradually  extend  through  a  permeable  soil  until  its  outer 
margin  becomes  sufficiently  dry  to  give  off  micro-organisms 
to  the  subsoil  air.  Whatever  the  danger  arising  from  this 
cause  may  be,  it  would  in  all  probability  be  strictly  limited 
in  its  effect." 

Continuing  their  investigations  on  the  vitality  of  the 
typhoid  bacillus  in  sewage,  Messrs.  Laws  and  Andrews  made, 
amongst  others,  the  following  experiment : — 

"  Experiment  V. — ^A  tube  of  sewage  sterilised  by  heat  was 
inoculated  with  one  drop  of  a  fresh  broth  culture  of  B. 
typhosus,  and  incubated  at  20  deg.  Cent.  A  small  quantity 
was  removed  on  a  platinum  loop  and  transferred  to  gelatin 
immediately  after  inoculation  to  determine  the  number  of 
colonies  originally  present,  and  the  process  was  repeated  at 
stated  intervals.    The  results  were  as  follows : — 

Immediately'  after  inocalation 225  colonies  arose. 

After  twenty-four  hours 260      ,, 

„    sixty-eight  hours 140      ,, 

„    five  days 48      „ 

,f    seven  days 18      „ 

„    thirteen  days 0      „ 
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**  It  is  to  be  observed  that  the  remoTal  of  so  small  a 
quantitj  of  fluid  aa  can  be  conveyed  on  a  platinum  loop  is 
no  fair  test  of  the  total  absence  of  living  bacilli  from  a  culture, 
and  it  is  quite  poBsible  that  the  removal  of  larger  quantities 
might  have  shown  living  bacilli  to  be  present  after  thirteen 
days.  Similar^  or  approximately  similar,  amounts  would 
nevertheless  be  removed  by  a  platinum  loop  on  each  occa- 
sion, so  that  the  experiment  clearly  shows  that  although  an 
attempt  at  growth  may  occur  during  the  first  twenty-four 
hours,  the  t^^phoid  bacillus  gradually  but  surely  dies  out  in 
sewage,  and  is  quite  incapable  of  any  active  growth  therein, 

"Sewage,  therefore,  even  in  the  absence  of  the  normal 
micro-organisms  which  it  contxiins,  is  clearly  an  unfavourable 
medium  for  the  growth  of  the  typhoid  germ,  whereas  the 
colon  bacillus  can  grow  and  multiply  freely  iu  it." 


After  detailing  further  experiments  on  the  same  subject 
they  eoneluded  their  valuable  and  interesting  report  ia  the 
following  terms  :— 

"  So  far  as  deductions  can  be  safely  drawn  from  a  single 
series  of  experimentSj  the  following  conclusions  seem  to  bo 
warranted.  Bacillus  typhosua  seems  capable  of  slight  multi- 
plication in  sterilised  sewage  during  the  first  twenty-four 
hours  only,  thenceforward  it  becomes  gradually  extinct.  The 
presence  of  certain  non- pathogenic  organisms,  commonly 
present  in  sewage,  appears  to  affect  its  extinction.  Of  the 
four  organisms  which  we  tested,  B.  fluoi'escens  stercoralis 
alone  seems  to  have  any  marked  effect  upon  the  vitality  of 
B.  typhosus,  and  this  effect  is  practically  absent  when  other 
organisms  are  present  at  the  sanae  time.  The  mixture  of  the 
four  non-pathogenic  bacteria  had  no  effect  in  hastening  the 
extinction  of  B.  typhosua ;  indeed,  the  reverse  appears  to  have 
been  the  case* 

"These  preliminary  experiments  are  necessarily  very  in- 
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complete,  and  afford  only  an  indication  of  the  probable  fate 
of  typhoid  bacilli  which  gain  access  in  a  living  condition  to 
sewage.  It  seems,  however,  clear  that  sewage  does  not  form 
a  medium  in  which  much,  if  any,  growth  is  possible  for  them 
under  natural  conditions,  and  their  death  is  probably  only  a 
miatter  of  a  few  days,  or  at  most  one  or  two  weeks.  But  this 
degree  of  resistance  may,  nevertheless,  be  sufl5cient  to  allow 
of  their  being  carried  in  sewage  to  remote  distances  and  of 
their  being  able  to  produce  disastrous  results  should  they 
gain  access  to  any  water  supply.  As  our  knowledge  accumu- 
lates, it  becomes  more  and  more  evident  that  water  supply, 
and,  as  an  incidental  result,  our  milk  supply,  constitute  the 
chief  channels  of  infection  by  which  typhoid  fever  is  com- 
municated ;  and  this  is  true  also  of  cholera,  and  possibly  of 
other  infectious  diseases.  It  is  therefore  of  the  first  import- 
ance to  determine  in  an  exhaustive  manner  how  far  sewage  is 
a  possible  soil  for  the  growth  of  these  and  other  disease 
germs  which  admittedly  gain  access  to  it,  and  also  to  deter- 
mine what  precise  influence  their  non-pathogenic  companions 
may  exert  on  them. 

"In  the  conclusions  to  Part  I.  of  this  report  we  endeavoured 
to  show  that  sewer  air  has  no  power  of  taking  up  bacteria 
from  the  sewage  with  which  it  is  in  contact.  A  strong  argu- 
ment in  favour  of  this  view  is  the  fact  that  the  very  organisms 
which  are  most  abundant  in  sewage  are  precisely  those  which 
are  absent  from  sewer  air.  In  the  course  of  previous  experi- 
ments on  sewer  air,  the  nature  of  the  organisms  in  some 
1,200  litres  of  sewer  air  was  carefully  determined.  Not 
once  was  Bacillus  coli  communis  or  any  of  the  predominant 
organisms  of  sewage  found,  though  we  have  shown  above 
that  the  former  is  present  in  sewage  in  numbers  varying  from 
20,000  to  200,000  per  cubic  centimetre.  If  this  be  so,  how 
infinitely  improbable  becomes  the  existence  of  the  typhoid 
bacillus  in  the  air  of  our  sewers.      That  sewage  is  a  common 


330  Bacteria  in  Sewer  Air. 

medium  for  the  dlBsemination  of  typhoid  is  certain ;  that 
Bewage-polluted  soil  may  give  up  germs  to  subsoil  air  is 
possible ;  but  that  the  air  of  sewers  themselves  fihonld  play 
any  part  in  the  conveyance  of  typhoid  fever  appears  to  us, 
as  the  results  of  our  investigations,  in  the  highest  degree 
unlikely.** 
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THE  HOYAL  COMMISSION  ON  SEWAGE  DISPOSAL, 

Ih  consequence  of  the  rapid  deTelopment  of  the  methods  of 
treating  Bowage  solely  hy  the  agency  of  bacteria  and  the 
iBcreaaing  urgency  of  the  sewage  question  generally,  a  Bqyal 
Commission  was  appointed  on  the  7th  May,  1898,  under 
the  presidency  of  the  Earl  of  Iddesleigh,  to  inquire  and 
report ; — 

I. — (1)  "What  method  or  methods  of  treating  and 
disposing  of  sewage  {including  any  liqiud  from  any 
factory  or  manufacturing  prooeee)  may  properly  he 
adopted^  consistently  with  due  regard  for  the  require- 
ments of  the  esistiug  law,  for  the  protection  of  puhho 
health,  and  for  the  economical  and  efficient  discharge 
of  the  duties  of  local  authorities  ;  and 

(2)  If  more  than  one  method  may  he  so  adopted, 
hy  what  rules,  in  relation  to  the  nature  or  Tolumo 
of  sewage^  or  the  population  to  he  served,  or  other 
varying  circumstances  or  requirements,  ehoidd  the 
particular  metliod  of  treatment  and  disposal  to  he 
adopted  he  determined  ;  and 

IL  To  make  any  reoommendations  which  may  he 
deemed  desirable  with  reference  to  the  treatment  and 
disposal  of  sewage. 

On  the  12th  July,  1901,  the  Commissioners  issued  an 

interim  report,  from  which  the  following  salient  features  are 

sbfltxaetedf  tiz;  : — 

St  We  have,  howeTer,  arrivod  at  conclusions  on  three  qiieetioiu 
which  appear,  for  reasons  hereafter  given,  to  be  of  urgent  importance, 
and  we  have  therefor©  deemed  it  deeirable  to  make  a  preliminary  report 
and  to  publiah  the  evidence  alreadj  taken. 
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medium  for  the  disseminatioii  of  typhoid  is  certain ;  that 
Bewage-polluted  soil  may  give  up  germs  to  sabeoil  air  is 
possible ;  but  that  the  air  of  sewers  themselves  sihorild  play 
any  part  in  the  conveyance  of  typhoid  fever  appears  to  us, 
as  the  results  of  our  investigations,  in  the  highest  deg^ree 
imlikely." 
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THE  BOYAL  COMMISSION  OK  SEWAGE  DISPOSAL. 


In  consaquenca  of  the  rapid  development  of  the  methods  of 
treating  sewage  Bolrfy  hj  the  agency  of  bacteria  and  the 
inoroasing  urgency  of  the  fiowage  question  generally*  a  Eoyal 
Commission  was  appointed  on  the  7th  May^  1898,  under 
the  presidency  of  the  Earl  of  Iddesleigh,  to  inqtdre  and 
report : — 

I, — (1)  What  method  or  methods  of  treating  and 
digposing  of  sewage  (induding  any  liquid  from  any 
faotoiy  or  manufacturing  process)  may  properly  be 
adopted,  consistently  with  due  regard  for  the  require- 
ments of  the  easting  law,  for  the  protection  of  public 
health,  and  for  the  economical  and  efficient  disohaxge 
of  the  duties  of  local  authorities  j  and 

(2)  Lf  more  than  one  method  may  be  so  adopted, 
by  what  rules,  in  relation  to  the  nature  or  volume 
of  sewage,  or  the  popidation  to  be  served,  or  other 
varying  circumstances  or  requirements,  ehrudd  the 
particular  method  of  treatment  and  disposal  to  be 
adopted  he  determined  ;  and 

II.  To  make  any  recommendations  which  may  be 
deemed  desirable  with  reference  to  the  treatanent  and 
disposal  of  sewage* 

On  the  12th  July,  1901,  the  Commissioners  issued  an 

interim  report,  from  which  the  foUowing  salient  features  are 

abstraetedj  viz* : — 

3.  We  have,  towever,  amTed  fit  coooltuioiifi  on  thim  questioni 
which  appear,  for  rcasona  boreafter  givenp  to  be  of  urgent  importance, 
and  we  baTQ  therefore  deemed  it  deaiffible  to  make  a  preliminitry  report 
and  to  publish  the  evidence  thready  taken* 
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medium  for  the  dissemination  of  typhoid  is  certain ;  that 
sewage-polluted  soil  may  give  up  germs  to  sabeoil  air  is 
possible ;  but  that  the  air  of  sewers  themselves  fiihorild  play 
any  part  in  the  conveyance  of  typhoid  fever  appears  to  us, 
as  the  results  of  our  investigations,  in  the  highest  deg^ree 
unlikely." 
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CHAPTEE  XXI, 


THE  ROYAL  COMSflSSIOIl  ON  SEWAGE  DISPOSAL. 

In  consequence  of  the  rapid  development  of  the  methods  of 
txeating  sewage  solely  by  the  ageney  of  bacteria  and  the 
inoreasmg  urgency  of  the  sewage  question  generally*  a  Boyal 
Commission  was  appointed  on  the  7th  May,  1898,  nnder 
the  presidency  of  the  Earl  of  Iddesleigh,  to  inquire  and 
report : — 

I, — (1)  What  method  or  methods  of  treating  and 
disposing  of  sewage  (including  any  Hquid  from  any 
factory  or  manufacturing  process)  may  properly  be 
adopted,  consifitently  with  due  regard  for  the  require* 
ments  of  the  existing  law,  for  the  protedion  of  public 
health,  iind  for  the  economical  and  efficient  disimarge 
of  the  duties  of  local  authorities ;  and 

(2)  If  more  than  one  method  may  b©  bo  adopted, 
by  what  rules,  in  relation  to  the  nature  or  volume 
of  sewage,  or  the  population  to  be  served,  or  other 
varying  eireumstances  or  requirementii,  should  the 
particidar  method  of  treatment  and  disposal  to  be 
adopted  be  determined ;  and 

II,  To  make  any  recommendations  which  may  he 
deemed  desirable  with  reference  to  the  treatment  and 
diBposal  of  sewage. 

On  the  12th  July,  1901*  the  Commissioners  issued  an 

interim  report,  from  which  the  following  salient  features  are 

abstracted,  viz. : — 

3.  We  have,  howeTer,  arrived  at  conclusions  on  three  question! 
which  appear,  for  reasons  hereafter  giveat  to  bo  of  urgent  imiKMtanco, 
anil  we  hax&  therefore  deemed  it  desirable  to  make  a  preliimnarj  report 
and  to  publiah  the  endance  already  token. 
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medium  for  the  dissemination  of  typhoid  is  certain ;  that 
sewage-polluted  soil  may  give  up  germs  to  subsoil  air  is 
possible ;  but  that  the  air  of  sewers  tiiemselves  should  play 
any  part  in  the  conveyance  of  typhoid  fever  appears  to  us, 
as  the  results  of  our  investigations,  in  the  highest  degree 
imlikely." 
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CHAPTER  XXI. 

THE  BOYAL  COMMISSION  ON  SEWAGE  DISPOSAL. 

In  consequence  of  the  rapid  development  of  the  methods  of 
treating  sewage  solely  by  the  agency  of  bacteria  and  the 
increasing  urgency  of  the  sewage  question  generally,  a  Boyal 
Conmiission  was  appointed  on  the  7th  May,  1898,  under 
the  presidency  of  the  Earl  of  Iddesleigh,  to  inquire  and 
report : — 

I. — (1)  What  method  or  methods  of  treating  and 
disposing  of  sewage  (including  any  liquid  from  any 
factory  or  manufacturing  process)  may  properly  he 
adopted,  consistently  with  due  regard  for  the  require- 
ments of  the  existing  law,  for  the  protection  of  pubUo 
health,  and  for  the  economical  and  efficient  discharge 
of  the  duties  of  local  authorities  ;  and 

(2)  If  more  than  one  method  may  be  so  adopted, 
by  what  rules,  in  relation  to  the  nature  or  yolume 
of  sewage,  or  the  population  to  be  served,  or  other 
varjdng  circumstances  or  requirements,  should  the 
particmar  method  of  treatment  and  disposal  to  be 
adopted  be  determined ;  and 

11.  To  make  any  reconmiendations  which  may  be 
deemed  desirable  with  reference  to  the  treatment  and 
disposal  of  sewage. 

On  the  12th  July,  1901,  the  Commissioners  issued  an 

interim  report,  from  which  the  following  salient  features  are 

abstracted,  viz. : — 

3.  We  have,  however,  arrived  at  conclusionB  on  three  questions 
which  appear,  for  reasons  hereafter  given,  to  be  of  urgent  importance, 
and  we  have  therefore  deemed  it  desirable  to  make  a  preliminary  report 
and  to  publish  the  evidence  already  taken. 
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The  three  questiona  are  :— 

(1)  Aro  mmQ  soi*ts  of  land  unsuitable  for  the  purification  o! 

eewage  F 

(2)  Is  it  practicable  uniformly  to  produco  by  artificial  prooesses 

alono  au  effluent  which  i?hall  not  putrt^fy,  and  so  create  a 
nuisance  in  tHo  stream  into  which  it  is  discharged  ? 

(3)  What  raeana  should  be  adopted  for  eocuriug  the  better  proteo- 

tion  of  our  risers  ? 


5.  The  first  Sewage  Commisaiou  was  appointed  in  the  year  1857* 
In  1865,  OB  a  result  of  labours  extending  over  eight  years,  they 
reported  that  ;— 

"The  right  way  to  dispose  of  town  sewago  is  to  apply  it  continuouBly 
to  land,  and  it  is  only  by  such  application  that  the  pollution  of  riTers 
can  be  avoided." 

6.  In  1868  a  further  Commisgion  was  appointed  to  inquire  into  tiie 
beat  means  of  preyenting  the  pollution  of  rivrrs.  They  made  sarenil 
reports,  the  fifth  and  last  being  made  in  1874. 

The  opinion  of  tMs  Commission  on  the  comparative  merits  of  the 
throe  claSBos  of  processes  for  the  treatment  of  sewage — vi^.^  chemical 
precipitation,  intermittent  filtration,  and  broad  irrigation— may  be 
stated  thus:— (1)  All  these  processes  aro  to  a  great  extent  successful 
in  removing  polluting  organic  matter  in  sitspeniion.  But  intermittent 
filtration  is  boatj  broad  irrigation  ranks  next,  and  the  chemical  pre- 
cipitation pro  cesses  are  Igss  efiGcient.  (2)  But  for  removing  organic 
mfltters  in  s^ilution  tKe  processes  of  downward  intermitt<?nt  filtration 
and  broad  irrigation  are  greatly  superior  to  upward  fi^ltration  and 
chemical  processest 

7.  The  Iiifit  Commission  was  appointed  in  1882,  They  were  directed 
to  inquire  into  and  report  upon  the  system  under  which  sewai^e  was 
discharged  into  the  Thames  by  tiie  Metropolitan  Board  of  Works, 
whether  any  evil  effects  resulted  therefrom,  and,  if  so,  what  measures 
could  be  applied  for  remedying  or  preventing  the  same. 

In  November,  18M,  they  issued  their  final  report.  They  found  that 
evils  did  exist  **  imperatively  demandbg  a  prompt  remedy,"  and  that 
by  chemical  precipitation  a  certain  part  of  the  organic  matter  of  the 
Be  wage  would  be  removed.  They  reported,  however,  "  that  the  liquid 
80  separated  would  not  be  sufficiently  free  from  noxious  matters  to 
allow  of  its  being  discharged  at  the  present  outfalls  as  a  permanent 
measure.  It  would  require  further  purification ^  and  this,  according 
to  the  present  state  of  knowledge^  can  only  be  done  efiectually  by  ita 
application  to  land.'* 
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PaAcrriCE  of  Local  Government  Board. 

8.  Since  the  publication  of  the  last-mentioned  report  it  has  been  the 
practice  of  the  Local  Government  Board  to  require,  save  in  exceptional 
cases,  that  "  any  scheme  of  sewage  disposal,  for  which  money  is  to  be 
borrowed  with  their  sanction,  should  provide  for  the  application  of  the 
sewage  or  effluent  to  an  adequate  area  of  suitable  land  before  its 
discharge  into  a  stream."  There  can  bo  no  doubt,  in  our  opinion,  that 
the  Local  Government  Board  were  bound,  under  the  circumstances,  to 
insist  upon  such  a  rule. 

Eeasons  for  Eeconsiderino  Position. 

9.  It  is  now  contended  that  in  many  cases,  especially  in  the  great 
centres  of  manufacturing  industry,  the  land  available  is  either  of 
unsuitable  quality,  is  available  in  quite  inadequate  area  for  effective 
filtration  through  the  soil,  or  is  obtainable  only  at  a  prohibitive  cost, 
and  it  is  suggested  that  sewage  purification  may  in  such  cases  be 
carried  out  on  comparatively  small  areas  artificially  prepared.  During 
recent  years  a  variety  of  artificial  processes,  differing  from  those  which 
were  considered  by  the  earlier  Commissions,  have  been  elaborated  for 
treating  sewage,  and  it  is  urged  that  satisfactory  effluents  can  be 
obtained  by  such  artificial  processes. 

Scope  of  Work  of  this  Commission. 

10.  lEaving  regard  to  the  definite  findings  of  previous  Commissions, 
to  the  consequent  practice  of  the  Local  Government  Board  in  insisting 
on  the  provision  of  land  for  the  purification  of  sewage,  and  to  the  fact 
that  the  artificial  processes  are  stiU  only  in  the  experimental  stage, 
and,  as  might  be  expected  therefore,  the  evidence  in  regard  to  them  is 
inconclusive  on  many  points,  it  has  appeared  to  us  essential  to  subject 
the  artificial  processes  to  sustained  examination,  and  also  carefully  to 
test  the  contention  that  in  certain  cases  it  is  not  practicable  to  purify 
sewage  by  laud  treatment. 

11.  At  the  time  of  the  investigations  of  the  earlier  Commissions,  the 
science  of  bacteriology  was  in  its  infancy,  and  these  CommissionB 
confined  themselves  almost  entirely  to  a  chemical  examination  of 
sewage  effluents.  Since  the  dates  of  those  Commissions  a  large 
amount  of  exact  knowledge  has  been  gained  concerning  the  part 
played  by  bacteria  in  various  processes  of  nature  and  operations  of 
man,  and  it  became  our  duty  to  study  the  various  questions  connected 
with  sewage  disposal,  not  only  from  a  chemical  but  from  a  bacterio-. 
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logical  point  of  view  as  wellt  This  has  largely  increased  our  IftbouTS, 
But  we  trust  will  also  largely  iti  crease  their  usofulGese,  We  have  had 
to  initiate  and  C4irry  out  Tarious  bacteriological  investigations,  and,  in 
partitmlar,  finding  that  the  work  done  by  earlier  Commisaionfi  in 
regard  to  land  treatment  was  not  complete  enough  for  our  purposea, 
we  havo  thought  it  neoeaeary  to  Include  in  our  work  a  systematic 
inve>stigation,  bacteriological  as  well  as  chemical,  of  the  troatment  of 
sewage  on  land  of  yarious  kinds.  This  inTeatigation  is  on  the  point 
of  completion. 

CONCLUSION  I, 

15,  We  doubt  if  any  land  is  entirely  uboIobs,  but  in  the  case  of  stiff 
clay  and  peat  lands  the  power  to  purify  sewage  seems  to  depend  on  the 
depth  of  the  top  soil, 

There  aj^,  of  coursOi  numerone  gradations  in  the  depths  of  top  soil 
which  are  met  with  in  nature,  and  it  is  not  easy  to  draw  the  Una 
between  lands  which  cont-ain  a  sufficient  depth  to  justify  their  use 
and  lands  which  do  not. 

We  are,  howeyor,  forced  to  conclude  that  peat  and  stiif  clay  lands 
are  generally  unsuitable  for  the  purification  of  sewage^  that  their  uso 
for  this  purpose  is  alwuy^  attended  with  difficulty^  and  that  where  the 
depth  of  top  soil  is  very  small^  say  six  inches  or  less^  the  area  of  such 
lands  which  would  be  retjuired  for  efficient  purification  would  in  cei-tain 
cases  be  so  groat  as  to  render  land  treatment  impracticable. 

Further  information  with  regard  to  this  point  wiU  be  available  when 
our  investigation  of  land  treatment  is  completed. 

QtTBSTlOK  n, — 19  it  2)racticahU  uniformltf  to  produce  &y  arttjicml 
proccMPS  tilone  an  efflneni  which  sliaU  not putre/f/  and 
id  crmU  a  nuiaunee  in  the  dream  into  Ufhick  U  il  di§~ 
charged  ? 

16i  The  following  general  classification  will  serve  to  ahow  the  nature 
of  the  artificial  processes  to  which  wo  refer : — 
Closed  septic  tank  and  contact  beds. 
Open  septic  tank  and  contact  beds* 
•Chemical  treatment,  subsidence  tanks  and  contact  beds* 
Subsidence  tanks  and  contact  beds. 
Contact  beds  alone. 
Closed  septic  tank  followed  by  continuous  filtration* 


•  The  e:rpres8ion  *  *  Bub«idetic«  tanks"  is  intended  to  denote  tanks  whlcih 
are  used  in  Puch  way  that  little  or  no  ^^  aoptio  "  action  l^  produced. 
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Open  septio  tank  followed  by  oontinuous  filtration. 
Chemical  treatment,  subsidence  tanks,  and  continuous  filtration. 
Subsidence  tanks  followed  by  continuous  filtration. 
Continuous  filtration  alone. 


CONCLUSION  n. 

19.  After  carefully  considering,  howeyer,  the  whole  of  the  evidence, 
together  with  the  results  of  our  own  work,  we  are  satisfied  that  it  is 
practicable  to  produce  by  artificial  processes  alone,  either  from  sewage 
or  from  certain  mixtures  of  sewage  and  trade  refuse  such,  for  example, 
as  are  met  with  at  Leeds  and  Manchester,  effluents  which  will  not 
putrefy,  which  would  be  classed  as  good  according  to  ordinary  chemical 
standards,  and  which  might  bo  discharged  into  a  stream  without  fear 
of  creating  a  nuisance. 

We  think,  therefore,  that  there  are  cases  in  which  the  Local  Govern- 
ment Board  would  bo  justified  in  modifying,  under  proper  safeguards, 
the  present  rule  as  regards  the  application  of  sewage  to  land. 

No  general  rule  as  to  what  these  safeguards  should  be  can  be  laid 
down  at  present,  and  indeed  it  will,  probably,  always  be  necessary 
that  each  case  should  be  considered  on  its  own  merits. 

Baotebioloqioal  Qualities  of  Effltjents.    Sewaqe  Effluents 
IN  Eelation  to  Disease. 

20.  As  we  have  already  said,  sewage  effluents  must,  in  accordance 
with  present  knowledge,  be  judged  not  only  from  a  chemical  but  also 
from  a  bacteriological  point  of  view.  Li  order  to  safeguard  public 
health,  it  is,  in  certain  cases  at  any  rate,  not  enough  to  know  the 
chemical  features  of  an  effluent  and  to  ascertain  that  it  will  not  putrefy 
of  itself,  we  must  know  the  bacteriological  features  as  well. 

21.  Several  witnesses  have  referred  to  the  danger  of  allowing  patho- 
genic organisms  to  enter  streams  which  are  used  for  drinking  purposes, 
and  our  own  officers  are  carrying  out  careful  prolonged  investigationa 
on  this  matter. 

We  are  impressed  with  the  great  importance  of  the  bacteriological 
questions  which  have  arisen  in  the  course  of  our  inquiry,  but  we  do 
not,  at  present,  feel  justified  in  putting  forward  any  conclusions  con- 
cerning them. 

We  may,  however,  even  at  this  stage  point  out,  that  as  a  result  of  a 
large  number  of  examinations  of  effluents  from  sewage  farms  and  from 
artificial  processes  we  find  that  while  in  the  case  of  effluents  from  land 
of  a  kind  suitable  for  the  purification  of  sewage  there  are  fewer  micro- 
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orgaiusme  than  in  the  effluents  from  most  artifidal  processes »  yot  botk 
oksMs  of  effluents  usually  contain  large  numbers  of  orgiiniBiua,  many 
of  wticli  appear  to  be  of  inteetinal  derivation,  and  some  of  wMeh  at© 
of  a  kind  liable »  under  certain  circumstances  at  least,  to  give  rise  to 
disease. 

We  are  of  opinion,  therefore,  that  suoh  effluents  niust  be  regarded 
as  potentially  dangerous ;  and  wb  are  considering  whether  means  are 
aTailabte  and  practicable  for  eliminating  or  destroying  such  organisms, 
or,  at  least,  those  giving  rise  to  mfectious  diseases* 


Question  III. —  What  mmm  should  It  adopted  for  t^turing  the  Mter 
protect  ton  of  our  river  a  f 

22.  From  the  evidence  which,  we  have  received,  from  our  own 
observation,  and  from  information  collected  for  ns  by  the  Ixwial 
Goveimnieat  Board  for  Scotland,  we  are  satisfied  that  the  Bivers 
Pollution  Prevention  Act,  1876,  has  not  resulted  m  the  general  puriil' 
cation  of  our  rivers. 

23,  This  IS  due  largely  to  the  reluctance  of  the  authorities  to  put  the 
Act  in  force,  but  partly  also  to  the  difficulty  which  a  eanitiiry  authority 
experiences  in  proving  that  the  pollution  within  its  diiitrict  cornea  fi'om 
the  district  against  which,  or  the  person  against  whom,  action  is  taken. 
An  authority  wishing  uniformly  to  eafoi-co  tlio  Act  in  its  own  district 
has  no  security  that  the  authorities  above  and  below  it  on  the  Btr£iam 
will  do  the  samep  and  it  is  therefore  naturally  didncEned  to  take 
action* 

CONCLUSION  m. 

30,  Wo  consider  it  of  the  utmost  importance  that  the  simplest 
possible  means  should  be  provided  for  adequately  protecting  aD  our 
rivers ;  and  we  arc  further  of  opinion  that  it  will  be  desirable,  probably 
for  some  time  to  oomo,  that  scientific  experiments  should  be  carried  on 
in  ortler  to  ascertain  all  the  real  dangers  of  pollution,  e^ainst  which 
they  should  be  protected. 

In  the  present  state  of  knowledge,  and  especially  of  bacteriology,  it 
is  difficult  to  estiniato  these  dangers  with  any  accuracy,  and  it  seems 
quite  possible  that  they  should  be  either  exaggerated  or  undervalued 
according  to  the  predispositioix  of  those  who  have  to  deal  with  them. 
An  authority,  gtuded  by  medical  considerations,  might  not  un- 
naturally bo  iaclined  to  insist  on  a  degree  of  purity  which  may  ulti- 
mately prove  in  certain  cases  to  be  uncalled  for,  while  another 
authority »  with  its  mind  fixed  upon  economy,  might  shrink  from 
taking  essential  precautions* 
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31.  It  is,  perhaps,  scarcely  for  us  to  say  what  arrangements  should 
be  made ;  but  we  are  of  opinion  that  the  ^neral  protection  of  our  rivers 
is  a  matter  of  such  grave  concern  as  to  demand  the  creation  of  a 
separate  commission,  or  a  now  department  of  the  Local  GFovemment 
Board,  which  shall  be  a  Supreme  Eivers  Authority,  dealing  with 
matters  relating  to  rivers  and  their  purification,  and  which,  when 
appeal  is  made  to  them,  shall  have  power  to  take  action  in  cases  where 
the  local  authorities  hnv(»  failed  to  do  so. 

The  Second  Report  of  the  Commission  was  dated  7th  Jnly, 
1902,  and  formally  presented,  without  further  observation,  a 
series  of  reports  by  their  expert  officers  on  vttrious  questions  of 
importance,  chiefly  on  the  bacteriology  of  sewage  and  effluents, 
and  the  pollution  of  the  River  Severn  in  the  Shrewsbury 
district. 

The  Third  Report  of  the  Commissioners  was  dated  the 
2nd  March,  1903,  from  which  the  following  clauses  are 
abstracted : — 

We  find  that  sewage  containing  trade  effluents  is  generally  more 
difficult  to  purify  than  ordinary  sewage,  and  that  the  following  are 
the  chief  causes  of  difficulty : — 

1.  The  trade  effluents  maybe  turned  into  the  sewer  at  irregular 

intervals,  so  that  the  composition  of  the  sewage  as  it  arrives 
at  the  sewage  works  varies  considerably  throughout  the  day. 

2.  The  trade  effluents  may  contain  large  quantities  of  solids  in 

suspension  which  tend  to  choke  the  purification  plant. 

3.  The  trade  effluents  may  be  very  acid  or  very  alkaline,  or  other- 

wise chemically  injiurious. 

The  general  opinion  of  these  witnes  es,  however,  is  that  it  is  prac- 
ticable, in  the  great  majority  of  cases,  to  purify  mixtures  of  sewage 
and  trade  effluents  if  the  manufacturers  adopt  reasonable  means  for 
removing  the  solids,  equalising  the  discharge,  and,  when  necessary, 
neutralising  the  trade  effluent. 

Moreover,  there  is  some  evidence  to  indicate  that  even  if  the  manu- 
facturers do  not  adopt  such  means  the  purification  of  the  mixture  of 
sewage  and  trade  effluents  is  stiU  practicable,  though  the  difficulties 
and  cost  are  much  greater. 

But  the  evidence  dearly  shows  that  wherever  practicable  the  manu- 
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facturer  ahould  adopt  means  lor  removing  the  biilk  of  tlit  Bolids  in 
su^fpensiotL  from  luis  effluent^  for  neutralising  it^  and  for  ddivering  it 
into  the  sewer  in  a  fairly  uniform  manner.  And  further,  it  would 
seem  probable  thiit  in  aom©  oases  the  cost  to  the  manufaeturor  of 
adopting  these  preliminary  meaijures  would  be  less  than  the  additional 
cost  which  would  be  thrown  on  the  loral  authority  if  the  measures 
were  not  adopted,  Indeetl,  there  m  evidence  to  ahow  that  occasionally 
the  removal  of  thesoHdfi  has  been  a  source  of  profit  to  the  manufacturer. 
We  have  examined  a  large  number  of  etfluenta  fiom  works  where 
sewage  containing  trade  ref ufl«  is  boing  treated »  and  our  results  fully 
8ux>port  tlie  view  that  it  is  practiciible  in  the  gr^mt  majority  of  ca^see  to 
purify  mixtures  of  sewage  and  trade  effluents  if  the  manufacturers 
adopt  i-eaaonable  preliminary  measiiree. 


Sepabatb  Purification  of  Trade  EFFLtmNTS  by 

Man  nFACTUREK. 

18-  We  have  not  yet  examined  in  detail  the  methods  airailable  for 
the  purification  of  trade  effluents^  but  from  an  inspectioo  of  some 
manufactoriea  where  considerable  sums  have  been  expended  on  pun- 
hcation  plant  which  is  inefficient,  and  alee  from  the  evidence,  we  are 
satisfied  that  in  some  coses  at  least  the  purification  of  the  trade  effluent 
by  itself  wonld  be  v^vy  difficult  to  accomplish. 

Moreover,  the  evidence  shows  that  the  separate  puriticatioa  of  trade 
efflueuta  is  generally  more  difficult  and  more  costly  than  their  purifi* 
cation  when  mixed  with  the  ordinary  sewage  of  the  locahty. 

And  it  has  been  proved  by  the  evidence  and  by  our  own  inispection 
of  man u factories  thtit  thoii?  are  many  case?*,  especially  lu  town.^^  where 
the  manufacturer  has  not  sufficient  space  on  which  to  erect  purifit^' 
tion  workid. 

20i  The  position  therefjre  is  as  follows  i-^ 

Purification  of  trade  effluents  by  the  local  authority  is  in  the  great 
majority  of  cases  iiracticable ;  purification  hy  the  manufacturer  is  in 
some  cashes  difficult,  if  not  impracticable ;  while  purification  by  the 
manufacturer  would  generally  be  more  costly  than  purification  by 
the  local  authority.  It  also  appears  that  the  local  authoritiea  \m  well 
aa  the  manufacturers  are  of  opinion  thnt  there  should  be  hud  on  the 
local  authority  a  distinct  obligation  to  receive  trade  eflluent^. 

2L  Puither  advantages  which  would  follow  from  such  a  change  in 
the  law  would  be  that  the  average  standard  of  purification  which 
would  be  reached  throughout  the  country  would  be  higher  tlian  if 
each  manufacturer  separately  attempted  to  purify  his  own  trade 
effluent,  and  also  that  the  work  of  preventing  the  piillution  of  rivers 
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would  be  greatly  assisted  in  tliat  the  number  of  purification  works  to 
be  kept  under  observation  would  be  diminished. 

Alteration  of  Law. 

22.  Wo  are  therefore  of  opinion  that  the  law  should  be  altered  so  as 
to  make  it  the  duty  of  the  local  authority  to  provide  such  sewers  as  are 
necessary  to  carry  trade  effluents  as  well  as  domestic  sewage,  and  that 
the  manufacturer  should  be  given  the  right,  subject  to  the  observance 
of  certain  safeguards,  to  discharge  trade  effluents  into  the  sewers  of  the 
local  authority  if  he  wishes  t<j  do  so. 

We  do  not  think  it  possible  to  provide  by  direct  enactment  what 
these  safeguards  should  be.  In  each  district  it  would  probably  be 
desirable  that  the  local  authority  should  frame  regulations  which 
should  be  subject  to  confirmation  by  a  central  authority.  In  most 
cases,  however,  these  regulations  could  provide  definite  standards  for 
the  different  manufacturers  as  regards  preliminary  treatment,  and  it 
appears  from  the  evidence  that  manufacturers  would  much  prefer  to 
have  standards  to  work  to. 

Power  to  vary  the  standards  or  to  dispense  with  them  altogether  in 
special  cases  would  be  necessary. 

23.  Although  the  duty  of  receiving  trade  effluents  should,  we  think, 
be  imposed  on  the  local  authority,  cases  may  arise  in  which  they 
should  be  wholly  or  partially  relieved  of  it. 

YoT  example,  we  find  that  in  some  instances  the  effluent  discharged 
from  the  manufactory  is  of  a  composite  character,  the  greater  part  of 
which  might  with  advantage  be  easily  dealt  with  by  the  manufacturer 
if  it  were  kept  separate.  In  such  cases  we  think  the  manufacturer 
would  generally  be  willing  to  adopt  this  course,  but  provision  is  neces- 
sary for  those  cases  in  which  the  local  authority  and  manufacturer 
could  not  agree. 

Further,  although  we  have  received  no  conclusive  evidence  to  show 
that  there  are  trade  effluents  which  could  not  be  purified  by  the  local 
authority,  we  do  not  deny  the  possibility  of  such  cases  arising. 

And  it  is  possible  that  in  some  cases,  as,  for  example,  of  a  large 
manufactory  being  newly  established  in  a  small  district,  it  might  be 
necessary  to  relieve  the  authority  of  the  obligation  to  treat  the  trade 
effluent  or  to  enable  them  to  exact  some  special  contribution  from  the 
manufacturer  not  only  for  the  cost  of  treatment,  but  also  towards 
capital  expenditure. 

24.  It  is  obvious  therefore  that  some  tribunal  will  be  required  for 
settling  differences  between  the  local  authority  and  the  manufacturer, 
and  for  relieving  the  local  authority  in  exceptional  cases  either  wholly 
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or  pai-tiall}'  of  their  obligation  to  provide  sowers  and  disposal  works  of 
sufficient  capacity  for  trade  effluents  as  well  as  ordinary  sewage, 

We  shall  explain  in  a  later  aeetioa  tlie  pkn  which  we  think  should 
be  adopted, 

ElPAEIAK  ErOHTS. 

25*  In  many  cases  a  part  or  tho  whole  of  the  water  which  the 
manufacturer  uses  in  Mb  business  is  obtained  from  a  stream,  and  must 
therefore  be  returned  to  the  stream. 

We  do  not  propose  that  the  manufacturer  should  hy  statute  be 
relieved  of  this  liubility*  If  he  ia  able  to  relieve  himself  from  the 
obligation  by  obtaining  the  necossary  consents  from  other  ripoiian 
owners  or  by  providing  compensation  water,  then  he  might  discharge 
his  effluent  into  the  sewer,  but  the  responsibility*  mu^^t  rest  entirely  on 
the  manufacturer :  the  local  authority  should  be  expressly  exempted 
from  any  liability  for  tho  infringement  of  riparian  rights  by  the 
discharge  into  the  sewer  of  water  obtained  from  a  stream* 

Spbcial  Charqe  oit  Manttfactureb. 

26<  We  have  taken  a  considerable  amount  of  evidence  on  the  ques- 
tion whether  the  manufacturer  who  discharges  his  trade  effluent  into 
the  sewer  should  be  required  to  pay  sometliing  beyond  his  ordinary 
rateSi  and,  as  might  be  expected,  the  views  expressed  are  divergent. 

It  appears  that  in  some  few  cases  manufaeturers  have  by  agreement 
with  the  local  authority  purchaaod  the  right  to  dihcharge  crude  trade 
effluents  into  the  sewer, 

27.  The  chief  argument  which  has  been  used  against  a  spet^ial  chargtj 
being  made  is  that  a  manufacturer  who  is  heavily  mted  in  respect  of 
hij^  premises  is  therefore  entitled  to  the  free  use  of  the  sewer. 

This  argument  raiees  a  general  question  of  ratiug  into  which  we  do 
not  propose  to  enter,  but  we  may  observe  that  other  manufactureirs 
producing  little  or  no  trade  effluent  are  rated  equally ^  and  that, 
speaking  generall3%  the  amount  of  the  trade  effluent  is  not  propor* 
tional  to  the  rateable  value  of  the  premise^*. 

2S.  Having  regard  to  these  considerations,  we  are  of  oiJiuiou  that 
generally  no  special  charge  should  be  made  on  the  manufacturer  in 
those  cases  in  which  the  regulationfi  as  to  preliminary  treatment  are 
complied  with* 

As  we  have  already  stated,  it  is  desirable  that  wherever  practicable, 
Bome  preliminary  treatment  should  be  earned  out  by  the  manufacturer. 

But  where  the  manufacturer  is  unable  to  comply  with  these  regula- 
tions we  consider  that  the  local  authority  should  be  empowered  to 
make  a  special  charge. 
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Power  should  also  be  granted  to  make  a  special  charge,  even  when 
preliminary  treatment  is  adopted,  where  there  are  exceptional  circum- 
stances as  regards  yolume,  quality  or  otherwise. 

30.  We  should  leave  the  actual  amount  of  the  charges  to  be  fixed 
by  agreement  between  the  manufacturer  and  the  local  authority. 

In  default  of  agreement  the  amount  should  be  settled  by  a  superior 
authority  in  the  manner  hereinafter  explained. 

31.  In  those  cases  in  which  a  manufacturer  is  precluded  from  dis- 
charging his  effluent  into  the  sewer  by  reason  of  the  fact  that  the  water 
which  he  uses  is  obtained  from  a  stream,  and  must  therefore  be 
returned  to  the  stream,  the  duty  of  purification  will  still  rest  with  him. 

But  we  do  not  consider  that  this  will  be  a  serious  grievance,  as  he 
obtains  his  water  without  charge,  and  this  advantage  may  be  set 
against  the  cost  of  purification. 

Moreover  it  would  be  open  to  him  to  acquire  the  right  to  use  the 
sewer  by  getting  his  water  from  some  other  source  or  by  obtaining  the 
necessary  consents  of  riparian  owners  below  him  on  the  stream. 


n.  THE  NEED  OF  SETTING  UP  A  CENTRAL  AUTHOEITY. 
The  Settlement  of  Differences  between  Local  Authoeities 

AND  MaNUFACTUEEES. 

40.  In  an  earlier  section  of  this  Eeport  we  have  referred  to  the 
necessity  of  providing  machinery  for  the  settlement  of  differences 
between  local  authorities  and  manufacturers. 

The  chief  questions  upon  which  differences  may  arise  are  the 
following : — 

1.  The  refusal  of  a  local  authority  to  allow  a  particular  trade  effluent 

to  enter  their  sewers. 

2.  The  refusal  of  a  local  authority  to  construct  or  enlarge  sewers  for 

the  purpose  of  a  particular  manufactory. 

3.  The  question  of  varying  general  regulations  as  to  preliminary 

treatment  by  the  manufacturer. 

4.  The  amount  of  the  special  charge  to  be  imposed  on  the  manu- 

facturer. 

5.  The  removal  of  sludge. 

Central  Department  Essential. 

44.  In  our  opinion  a  properly  equipped  central  authority  is  essen- 
tial, and  we  unhesitatingly  recommend  the  creation  of  such  an 
authority. 

In  the  interests  of  river  purification  as  well  as  of  the  trade  of  the 
country  we  consider  it  is  of  the  highest  importance  that  the  ohangee 
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in  iha  law  wbieh  we  kavo  recommeudi^d  should  bo  made.  But  tbes© 
diangeB  would  not  in  our  opiniou  bo  of  much  use  apart  fi-om  the 
creation  of  a  central  authority  for  the  dot^rminatiou  of  difference 
hetween  the  locul  authoritj  aud  the  manufacturer. 

If  the  settlement  of  these  differences  he  left  to  the  ordinary  CouitB, 
dilferentiMl  treatment  of  manufaeturere,  with  all  the  ohjectioiii  to  it, 
will  be  certain  to  continue. 

45,  The  central  authority  should  have  the  following  permanent  chief 
officers: — 

1,  Aji  adminiatnitivo  head* 

2.  A  hactoriolo^^ist  having  ipecial  knowledge  of  tiie  bacteriology  of 

aewage,  trade  effluents  and  water  supply. 

3*  A  chemist  having  epecial  knowledge  of  the  chemljatry  of  aewage, 
trade  efiluenta  and  water  supply. 

4.  An  engineer  having  a  special  knowledge  of  geology  and  water 
supply. 

It  should  also  he  provided  with  a  laboi"atoi:^% 

40.  The  officers  of  the  central  authority  must  be  ch.tthed  with  the 
necessary  powei's  to  conduct  inquiries ^  to  call  witnesses,  to  enter  pi-e- 
mises  to  take  eamplen  of  the  trade  effluent^  and  generally  to  do  such 
acts  as  are  necessary  for  the  proper  performance  of  thoh^  duties. 

47*  At  any  inquirios  which  may  be  held  neither  connsel  nor  expert 
wituets^es  should  be  heard  except  with  the  special  pemusaion  of  the 
central  authority. 

48.  The  work  of  the  central  authority  wiU  be  bo  intimately  con- 
nected with  the  work  of  the  Local  Governmont  Board  that  it  will  be 
desirahlo  to  make  it  a  new  department  under  the  Local  Goyeiiiment 
Board  rather  than  an  entirely  separate  department. 

The  PoixTmoK  of  ErrERs  and  tue  Peotecttok  of  Sotmosa  of 
Watib  Supply* 

60.  At  an  early  stage  of  our  investigation  we  were  struck  by  the 
fact  that  in  many  parte  of  Englnnd  the  pollution  of  rivers  goes  on  un- 
checked, notwithstanding  the  furt  that  the  Rivers  Pollution  Prtwention 
Act  has  been  on  the  Statute  Book  for  over  a  quarter  of  a  century,  and 
in  our  Interim  Report  we  deemed  it  necessary  to  state  that  the  protec- 
tion of  our  rivera  is  a  matter  of  such  grave  concern  as  to  demand  the 
creation  of  a  Supreme  Ewers  Authority. 


Ge>^:ejui-  POSITIOK  OF  otm  iKQUntY, 

11.  In  concluftion,  we  think  it  may  be  deairable  briefly  to  explain 
the  position  of  our  investigations. 
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78.  At  the  commencement  of  our  mquiiy  we  devoted  considerable 
attention  to  general  questions  relating  to  the  chemical  and  bacterio- 
logical analysis  of  sewage  and  sewage  effluents. 

The  methods  of  bacteriological  analysis  which  we  have  adopted  are 
explained  in  a  paper  by  Dr.  Houston,  which  we  presented  with  our 
Second  Report. 

A  paper  is  now  in  preparation  by  Dr.  McGowan  in  regard  to 
chemical  analysis,  which  will  contain  a  detailed  account  of  the  work 
which  has  been  done'  under  our  direction,  with  a  view  of  settUng  the 
value  of  different  methods  of  analysing  sewage  effluents. 

79.  We  have  completed  a  systematic  investigation  of  the  land  treat- 
ment of  sewage  on  farms  of  different  kinds  of  soil. 

This  investigation  has  extended  over  a  period  of  two  years,  and  has 
embraced  the  bacteriological,  chemical  and  engineering  aspects  of  this 
method  of  disposing  of  sewage. 

80.  We  are  now  making  a  similar  investigation  of  artificial  processes 
of  various  kinds  at  about  thirty  distinct  places.  This  investigation 
will,  we  hope,  be  completed  in  about  a  year. 

In  addition  certain  authorities  are,  in  conjunction  with  us,  making 
similar  systematic  observations  in  regard  to  a  number  of  artificial 
processes. 

When  these  results  have  been  collected,  we  shall  endeavour,  in  com- 
pliance with  the  instructions  contained  in  the  second  part  of  our  Terms 
of  Eeference,  to  report  on  the  different  methods  of  treating  sewage  in 
the  same  and  in  dissimilar  sets  of  circumstances. 

81.  In  the  meantime,  we  are  taking  evidence  as  to  the  discharge  of 
sewage,  sewage  effluents,  and  manufacturing  effluents  into  tidal 
waters.  The  importance  of  this  subject  as  regards  the  contamina- 
tion of  shellfish  has  recently  come  into  prominence.  It  is  indeed  a 
matter  of  great  importance  from  the  point  of  view  both  of  public 
health  and  the  fishing  industries. 

82.  We  are  also  continuing  the  investigations  which  we  referred  to 
in  our  Interim  Eeport,  for  the  purpose  of  ascertaining  whether  it  is 
practicable  to  destroy  those  micro-organisms  which  are  common  to 
sewage  effluents,  and  which  may  be  dangerous,  if  the  effluent  flows 
into  a  river  from  which  water  for  drinking  is  obtained,  and  we  are 
generally  considering  what  measures  may  be  desirable  to  lessen 
dangers  so  arising. 

83.  Subsequently  we  i)ropose  to  consider  the  methods  available  for 
the  satisfactory  disposal  of  manufacturing  effluents  when  not  mixed 
with  ordinary  sewage. 
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EXAMINATION  FOR  MATTERS  IN  SUSPENSION. 

The  apparatus  required  for  estimating  the  quantity  of  matters  held 
in  suspension  may  be  very  much  simplified  by  adopting  a  method 
which  I  have  recently  described,  viz.,  the  micro-filter  metiiod.  This 
does  not  give  the  results  in  terms  of  grains  per  gallon,  but  in  that  of 
volume  instead.  This  difference,  however,  is  not  a  matter  of  practical 
importance,  as  all  that  is  required  is  the  fact  that  a  particular  sample 
contains  a  larger  or  smaller  quantity  of  solid  particles.  A  comparison 
of  actual  determinations  by  the  micro-filter  and  the  gravimetric 
process  will  be  foxmd  on  page  304,  Table  LXXV.  If  the  actual 
weight  is  requii*ed  the  water  to  be  tested  should  be  filtered  through 
a  filter-paper,  the  weight  of  which  has  previously  been  ascertained 
after  drying  at  212  deg.  Fahr.  for  an  hour  or  more  imtil  the  weight  is 
constant,  and  then  weighed  again  with  the  suspended  matters  which 
have  been  collected  on  it,  after  a  second  drying  in  the  same  way,  when 
the  increase  in  weight  found  will  indicate  the  weight  of  the  matters 
originally  in  the  sample— a  simple  calculation  indicating  the  quantity 
in  terms  of  grains  per  gallon — thus,  if  700  c.c.  of  water  are  filtered, 
each  0*010  gramme  will  indicate  1  grain  per  gallon.  Care  must  be 
taken  to  ascertain  the  increase  in  the  weight  of  the  dried  filter-paper 
by  the  absorption  of  solid  matters  dissolved  in  the  water,  which  would 
otherwise  be  counted  as  due  to  suspended  matters. 

The  details  of  the  micro-filter  process  are  as  follows :  The  neck  of 
the  bottle  containing  the  sample  is  first  carefully  cleansed  to  remove 
extraneous  dust.  If  a  drinking  water,  or  one  containing  but  minute 
quantities  of  suspended  matter,  one  litre  of  the  water,  or  propor- 
tionately less  when  the  quantity  of  sediment  is  evidently  large,  is 
decanted  into  a  clean  litre  flask  having  a  narrow  neck,  such  as 
those  used  in  the  well-known  Bischoff's  bird  fountain,  which  I  have 
found  to  be  specially  suited  for  the  purpose.  A  clean  filter-paper, 
about  3  in.  in  diameter,  is  placed  in  position  in  a  glass  funnel  resting 
in  the  neck  of  a  flask  or  bottle  of  at  least  a  litre  in  capacity.  Then  the 
flask  containing  the  water  is  inverted,  so  that  its  mouth  is  just  below 
the  level  of  the  top  of  the  filter-paper.     The  water  will  at  once  fill  the 
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filter-paper,  and  ao  L^kisio  the  moutli  of  tlie  flask,  thus  acting  in  the 
ordinary  wtty  of  the  bird  fountain,  feeding  the  supply  in  the  filter  until 
the  whole  of  the  water  has  passed  through.  During  this  operation, 
which  will  take  nn  hour  for  a  good  clean  drinking  water,  great  eare 
must  be  taken  to  exclude  dust  by  placing  a  perforated  card,  through 
which  the  neck  of  the  invertetl  flask  pasj^s,  over  the  lunneL  When 
tbo  water  is  thus  filtei'iKl,  the  deposit  obtained  on  the  i^aper^  to  which 


laOBO-FUJTKE. 

W««<hbg  the  deposit  from  filter*  paper  iato  micro -filter. 

it  lightly  adheres,  is  wufeihed  by  a  fine  jet  of  water  from  a  laboratory 
TTMli-bottle  into  the  micro -filter. 

The  mioro- filter  is  prepared  by  selecting  a  lungth  of  gUisa  eombus- 


COKsniUCTIOBI  Of  MICHO-FirrEE. 

A     FMn  Gombuetioii  tube. 

B    Samo  drawn  out, 

0    DiTided  ao  as  to  form  two  micro -tllterB. 
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Micro-Filter. 


tion  hibiug,  from  8  in,  to  lU  in,  in  lengtli,  which,  after  thorough 
cleansing  by  drawing  a  wet  plug  of  cotton  wool  through  it,  is  heated 
to  redness  over  a  blowpipe  flame  in  the  middle,  and  pulled  out  when 
soft  to  a  capillaiy  tube. 

The  diameter  in  the  thinne-at  part  shonlcl  be  something  le$s  than  two 
millimetres.  It  is  then  cut  with  a  sharp  file  at  the  two  points  at 
which  the  capillai-y  tube  is  exnctly  two  millimetres  in  diameter,  and 
neatly  broken.   By  this  means  two  micro -filter  tubes  will  be  prepared. 


^'ihj 


Torming  the  parous  filter- plu^. 


They  are  then  converted  Into  Altera  by  dmr^ng^  the  small  ends  with  a 
suitable  porous  diaphragm  prepared  by  mixing  about  on©  part  of 
powdered  air- dried  clay  with  three  parts  of  Kieselguhr.  This  mixture 
is  moistened  and  worked  up  by  rolling  between  the  paLns  of  the  hande 
into  a  smooth  putty,  which  must  be  ^read  out  to  a  depth  of  two  milli- 
metres on  a  clean  plate  of  glass  or  glazed  eajihenware.  The  filter  tube 
being  held  upright  in  the  manner  of  a  pencil,  with  the  small  end 
downwards,  is  pressed  steadily  on  to  the  mass  of  clay  and  Kieael^ihr, 
and  then  worked  round  to  free  the  enclosed  portion  on  the  tube  from 
the  surrounding  mass.    This  separation  will  be  facilitated  by  moisten- 
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ing  the  glass  tube  with  water  just  before  pressing  it  on  the  clay,  &c. 
By  this  method  the  capillary  tube  will  be  neatly  charged  with  a  plug 
of  the  mixture.  This  is  next  dried  in  the  flame  of  a  lamp  and 
gradually  heated  to  redness,  when  the  burnt  clay  will  set  hard  and 
keep  the  Kieselguhr  in  position,  and  so  form  a  porous  diaphragm 
admirably  suited  for  the  purpose  of  a  minute  filter.  If  a  little  air  is 
sucked  through  the  tube  while  the  plug  is  red-hot,  the  organic  matter 
always  present  with  the  Kieselguhr  will  be  completely  destroyed  and 
the  filter  made  more  porous. 

As  the  fine  sediment  from  the  water  will  often  choke  the  pores  of 
this  small  plug,  the  filtration  may  be  conveniently  accelerated  by 


MICBO-FILTEB  SUBJECTED  TO  VACTTUM. 


using  it  in  connection  with  any  convenient  hand-suction  pump  such 
as  that  depicted  above.  When  only  about  half-an-inch  of  water 
remains  in  the  micro-filter,  the  depth  of  deposit  on  the  filter-plug 
is  measured,  and  the  results  expressed  in  terms  of  milli metres  of 
deposit  in  a  two-millimetre  diameter  Uihf  per  litre  of  water.  Thus,  a 
numerical  factor  is  obtained  which  expresses  the  actual  volume  of  sus- 
pended matter  present  in  a  water.  Of  course,  in  the  case  of  dirty 
water,  effluent,  or  sewage,  when  the  deposit  from  a  litre  would  be  too 
great  to  be  contained  in  that  part  of  the  micro-filter  tube  having 
a  diameter  of  about  two  millimetres,  half  or  a  quarter  of  that  quantity 
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may  be  taken,  or  even  less,  say,  d  ot  10  c.c*,  wlien  it  may  "be  placed  in 
the  filt^r-tiibe  direct  without  the  prelimmary  filtmtion  thiough  paper, 


llICED-Fn.T£S. 

A    Measuring-  depth  of  deposit 

B    End  of  filter-tMbe  containing  deposit  tut  oft, 

and  the  depth  of  deposit  actually  found  should  he  multiplied  acoord- 
ingly ,  eo  that  the  result,  in  all  ottsas,  oven  with  the  moat  foul  water  where 
only  a  few  cc/s  can  be  used,  muy  be  expressed  iu  the  same  terms  of 
*'  millimetres  per  litre,''  In  some  ciisea  it  is  difficult  to  induce  all  the 
water  to  j^am  the  pltig,  but  where  only  the  depth  of  deposit  iu  required, 


mCBO-FILTEB, 


A    Loosening  deposit  with  wire  from  filter* plug. 
B    Deposit  collected  at  open  end,  and  plug-  cut  off. 


the  solid  matters  may  he  made  to  collect  rapidly  at  the  end  of  the  fine 
tube  by  holding  the  stout  end  in  the  fingers,  and  with  a  long  sharp 
sweep  at  arm's  length,  inducing  them  to  faU  to  the  thin  end  by  centri- 
fugal action. 


Miero-Filter. 
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If  £1  mjcroseopical  exftmination  is  to  be  made  of  the  euiipended 
mattet^i  a  scrat<^li  with  a  til©  is  made  ou  the  capillary  tuhe  about  half 
aa  inch  from  the  plug  and  the  piece  broken  eff.  By  meanj*  ci!  a  thin 
platinum  wire  msart^d  in  the  bore  the  suspended  matters  collected 
may  be  detached  from  the  plug  and  held  in  euspenaion  in  the  small 
quantity  of  water  prei*ent.  Amithor  scnvteh  ia  then  made  on  the  ghiss 
tube  dose  to  the  plug-  which  is  broken  off,  and  the  few  dropn?  of  water 
remaining  with  the  suspended  matter  shaken  out  on  to  the  usual  glass 
elip. 


Shaking  the  dmp  of  waLer  with  deposit  on  to  nticroioape  slide* 


A  modification  of  this  method  was  employed  by  Prof  ca^or  Boyce  and 
Doctors  Griinbaum,  MacConkey,  and  H,  Gill  in  their  **  Investigation 
of  the  River  Severn  in  the  Shrewsbury  District  ^*  (p.  95,  Second  Report 
of  the  Boyal  Commission  on  Methods  of  Treating  and  Dispoaing  of 
Sewage,  1902).  Their  method  was  to  collect  the  deposit  from  600  c.c. 
water  by  centrifuging  and  then  to  transfer  the  deposit  so  obtained  to 
smaller  tubes,  comparable  to  tho^e  above  described  but  with  the  small 
end  sealed,  and  then  to  centrifuge  these,  when  the  solid  matters 
collected  in  the  small  end  and  the  amount  was  read  off. 
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DISSOLVED  OXYGEN. 

I3r  order  to  facilitato  the  ©xtniction  of  tlie  dissolved  gases  fi-om  tke 
water,  I  devised  a  merciiry  pump  by  wMch  the  operfttitm  is  both 
simplified  and  ejcpedited. 

The  pmnp  is  a  modification  of  Macleod**i  appanitii^.  and  is  shown  in 
th^  acrompanying  wtiodcut, 


MESCUHV  EXHAUST  TVXF  FQl  HSTIMATINO  »Ii80LVXJ>  OASEa  I»  WAtEE* 
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It  consists  of  an  inlet  tube,  through  which  water  can  be  drawn  by 
lowering  the  mercury  vessel ;  a  measuring  tube,  surrounded  by  a  cold- 
water  jacket;  a  boiling  bulb,  surrounded  by  a  wai-m- water  jacket;  a 
mercury  reservoir,  by  means  of  which  the  whole  apparatus  can  bo 
tilled  with  mercury ;  a  dolivery  tube ;  and  a  two-way  tap  ccmnecting 
the  measuring  vessel  with  inlet  or  outlet  at  will.  To  use  it,  the  appa- 
ratus is  fir^t  tilled  with  m^Tcury  by  raising  the  reservoir,  the  tap  being 
ojjen  fii'st  to  the  outlet  and  then  to  the  inlet ;  the  inlet  tube  is  then 
inserted  into  the  water  to  be  examined,  and  the  reserv'cnr  slowly 
lowentd  until  the  required  amoimt  of  water  is  drawn  into  the  graduated 
vessel.  The  tap  is  then  shut  off  and  the  mercuiy  lowered  so  as  to  draw 
the  water  into  the  lower  bulb,  where  the  gases  contained  in  the  water 
are  boiled  out  by  surrounding  the  bulb  with  warm  water  over  120®  F., 
the  upper  bulb  being  kept  cold  to  condense  the  water  vapour.  The 
tap  being  open  towards  the  outlet,  the  mercury  reservoir  is  raised  and 
the  extracted  gases  driven  over  into  a  receiving  tube.  This  operation 
is  repeated  twice,  and  the  collected  gases  measured  and  analysed  in 
any  convenient  apparatus. 

By  means  of  this  apparatus  the  quantity  of  dissolved  oxygen  con- 
tained in  a  sample  of  water  can  be  determined  in  from  twenty  to  thirty 
minutes,  and  the  result,  of  course,  is  not  vitiated  by  the  presence  of 
organic  matter,  as  is  the  case  with  the  other  two  processes. 

THRESHES  METHOD. 

The  process  of  Dr.  J.  0.  Thresh  is  based  on  the  fact  that  whereas, 
in  absence  of  oxygen,  nitrous  acid  and  hydrogen  iodide  interact  to 
form  iodine,  water  and  nitric  oxide ;  in  presence  of  oxygen  the  nitiic 
oxide  becomes  re-oxidised,  and,  serving  as  a  carrier  of  the  oxygen,  an 
amount  of  iodine  equivalent  to  the  oxygen  present  is  liberated  in 
addition  to  that  resulting  from  the  initial  action  of  the  nitrous  acid  ; 
hence,  deducting  the  amount  liberated  by  the  nitrous  acid  and  by  the 
oxygi^n  dissolved  in  the  solutions  used  from  the  total  amount,  the 
difference  will  bo  that  corresponding  to  the  oxygen  dissolved  in  the 
water  examined. 

The  apparatus  is  shown  on  p.  354. 

Tho  solutions  use<l  are : — (1.)  A  solution  containing  0-5  grm.  sodium 
nitrite,  and  20  grms.  potassium  iodide  in  100  c.c. ;  (2.)  a  solution  of 
7*75  grins,  sodium  thiosulphate  in  1  litre,  1  c.c.  of  which  corresponds 
to  0*25  mgnn.  of  oxygen;  (3.)  a  clear  solution  of  starch;  and 
(4.)  diluted  pure  sulphuric  add  (1:3). 

The  apparatus  required  is  as  follows : — A  wide-mouth,  white  glass 
bottle  of  about  500  c.c.  capacity,  provided  with  a  caoutchouc  stopper, 
through  which  four  holes  are  bored.     Through  one  passes  the  neck  of 

1).  A  A 


TITBBSH  ATTX&KTUA   FOH   SSItMATmn   TTIB  BESSOLTED  OXTSEIT  JJT   WATFB. 

Tho  separatoT,  the  capacity  of  wMdi  is  known,  ib  filled  with  the 
water  to  be  examined,  and  1  c.c*  of  the  nitrite  iodide  eoltition 
and  1  c*c,  of  the  acid  solution,  are  added >  U  the  pipette  be  held 
verticidly,  with  its  end  juat  below  the  surface  of  the  water^  tho 
^lutions  flow  in  a  ehai'ply-definod  column  to  the  lower  part  of 
the  separator,  bo  that  an  infinitosimally  flmall  quantity  (if  any)  is 
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lost  in  the  water  which  overflows  when  the  stopper  is  inserted.  The 
admixture  of  the  liquids  having  been  effected  by  inverting  the  appa- 
ratus several  times,  a  sharp  current  of  coal-gas  is  passed  into  the 
bottle  to  displace  the  air,  the  escaping  gas  being  allowed  to  bum  at  a 
jet  attached  to  the  exit  tube.  Fifteen  minutes  after  adding  the 
solutions  to  the  water  the  flame  is  extinguished,  a  cork  is  attached  in 
place  of  the  jet,  and  is  inserted  in  place  of  the  stopper  of  the  separator, 
and  the  water  is  then  allowed  to  flow  into  the  bottle ;  the  exit  tube 
having  been  disconnected  from  the  funnel  and  the  gas  set  fire  to, 
thiosulphate  is  run  in  until  the  colour  of  the  iodine  is  nearly  destroyed ; 
about  1  CO.  of  starch  solution  is  then  added  through  the  separator,  and 
the  titration  completed.  The  effect  of  the  nitrite,  dilute  acid  and 
starch  solutions  is  readily  determined  by  removing  the  separator  and 
adding  5  o.c.  of  each  in  succession,  and  then  titrating ;  the  effect  of 
the  oxygen  in  the  thiosulphate  may  be  allowed  for  on  the  assumption 
that  as  much  oxygen  is  dissolved  in  it  as  distilled  water  would  contain 
at  the  same  temperature.  It  appears  that  there  is  no  advantage  in 
passing  the  coal-gas  through  alkaline  pyrogallol. — Journal  Soc,  of 
Chem.  Ind,y  Mar.  31,  1890,  p.  327. 

SCnUTZENBEEGEE'S  PEOOESS. 
Arranged  and  modified  by  Dr.  DupeI:  and  Me.  W.  J.  Dibdin. 
The  apparatus  at  first  sight  appears  more  complicated  than  it  really 
is.  The  essential  parts  consist  of  two  burettes  with  their  dropping 
tubes  passing  through  a  stopper  inserted  in  the  centre  neck  of  a 
Wolff's  bottle,  through  which  a  constant  current  of  hydrogen  is  kept 
passing  for  the  purpose  of  excluding  atmospheric  air.  Through  the 
stopper  in  the  right  hand  neck  the  tubular  of  a  tap  funnel  or  separator 
is  passed  to  the  bottom  of  the  bottle,  for  the  purpose  of  introducing 
the  water  to  be  tested.  This  separator  should  hold  about  250  c.c.  A 
small  bent  glass  tube  passes  just  through  the  cork,  and  is  connected 
by  indiarubber  tubing  to  a  wash-bottle  partially  filled  with .  water, 
which  acts  as  a  seal  for  the  purpose  of  preventing  the  diffusion  of  the 
hydrogen  from  the  Wolff's  bottle.  Through  the  left  hand  cork  of  the 
Wolff's  bottle  two  glass  tubes  pass,  one  for  the  admission  of  hydrogen 
from  the  generating  apparatus,  stopping  short  above  the  surface  of  the 
liquid,  and  the  other  to  the  bottom  of  the  bottle  for  the  purpose  of 
withdrawing  the  liquid  from  time  to  time,  a  length  of  indiarubber 
tubing,  provided  with  a  dip,  being  attached  to  it  so  as  to  convert  it 
into  a  syphon.  Through  the  same  cork  a  second,  but  smaller, 
separator  is  passed  for  the  purpose  of  introducing  small  quantities  of 
fully  aerated  water,  when  it  is  necessary  to  neutralise  any  excess  of 
the  standard  hyposulphite  solution  which  may  have  been  inadvertently 
run  into  the  bottle. 

A  a2 
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The  stiindttrti  .solution  of  hyposiilphito  is  contained  m  a  large 
bottle  oa  a  itand,  and  i«  run  into  the  bui-ette  through  tbe  length  «l 
indiambber  tubLng  connecting^  it  with  the  bottom  of  tho  buretto,  an<l 
tertninatinfjf  below  the  surface  of  the  liquid  in  the  bottle,  a  clip  being 
provided  for  roguluting  and  stopping  the  flow*  To  provcnt  th*s  intro- 
duction of  atmospheric  oxygon  into  the  bottle  of  Bttindard  solution  the 
tube  supplying  the  hydrogen  to  take  the  pkeo  of  the  removed  solution 
dips  through  the  cork  of  a  smaH  botde  ixmt^uning  an  alkaline  solution 
of  pyrogallic  acid;  through  this  cork  a  second  tube  passes  to  the 
bottom  of  the  bottle  so  that  the  gas  ia  washed  by  the  solution  and 
deprived  of  its  oxygen,  if  any*  The  second  small  bottle  is  provided  as 
a  catchpit  to  catch  the  alkaline  solution  in  case  of  accident  or  expan- 
sion of  the  gas  in  the  stock  bottle,  A  screw  clip  is  provided  on  the 
indiambber  conuoction  between  the  stotsk  bottle  and  the  inlet  tube 
for  the  purpose  of  preyenting  the  gas,  in  case  of  expansion,  from 
driving  the  pyrogallio  acid  solution  out  of  the  absorption  bottle,  and 
thus  leaving  a  free  passage  for  the  diffusion  of  oxygen  into  the  stock 
bottle,  which  would  weaken  the  hyposulphite  solution.  A  similar 
arrangement  of  bottles,  or  rather  tubes,  in  provided  at  the  top  ol  ths 
burette  for  absorbing  atmo&phenc  oxygen  from  the  gas  before  it  enters 
the  burette  when  the  standard  solution  ia  run  out. 

The  second  burette  is  for  the  solution  of  indigo  which  is  to  be  1 
as  an  indicator,  only  sufficiont  being  nin  into  the  WuLff*s  bottle  to  g^vc^1 
a  distinct  colour. 

Before  commencing  a  titration  all  the  hyposulphite  solution  in  the 
burette  and  the  tubes  ia  to  be  carefully  run  off,  and  the  burette  refilled 
with  frcsh  solution  from  the  stock  bottle.  The  hydrogen  is  sent 
throug^h  the  apparatus  to  remove  all  atmospheric  oxygen,  which  is 
best  kept  out  when  the  apparatus  is  not  in  use,  by  stopping  the  current 
with  a  tap  or  ping  inserted  in  the  sealing  bottle  connected  to  the  right 
hand  cork  of  the  Wolff's  bottle,  m  that  a  pressure  of  hydrogen  la 
always  maintained;  the  tap  of  the  generating  apparatus  being  lefij 
open* 

To  make  an  experiment,  syphon  off  the  liquid  in  the  bottle  and  run 
in  a  small  quantity  of  clear  and  fully  aerated  wator  from  the  separator, 
then  add  just  sufficiei\t  indigo  solution  from  its  burette  to  give  ttl 
decided  blue  tint,  and  add  di-op  by  diop  the  hyposulphite  solutioa 
until  tho  blue  colour  is  just  discharged,  now  add  an  excess  of  hypo- 
sulphite solution;  then  immediately  run  in  the  water  to  be  tested, 
from  the  separator,  which  has  been  previously  fiUed  by  means  of  \ 
syphon  to  prevent,  as  far  as  possible,  the  water  from  coming  in  contao 
with  the  air.      As  soon  as  tho  blue  colour  of  the  indigo  returns  add  I 
more  hyposulphito.     The  object  of  this  method  of  procedure  is  to  ' 
prevent  the  oxygen  of  the  water  being  displaced  by  the  hydrogenj  ; 
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thus  interfering  with  the  accuracy  of  the  determination.  If  the  hypo- 
sulphite is  kept  in  slight  excess  until  just  before  the  end  of  the  reaction 
no  free  oxygen  will  be  present,  as  it  is  instantly  absorbed.  As  soon 
as  the  separator  is  empty  shut  off  the  cock,  and  add  the  hyposulphite 
solution,  drop  by  drop,  until  the  blue  colour  is  just  discharged.  The 
quantity  of  hyposulphite  solution  used  is  to  be  noticed.  The  strength 
of  the  hyposulphite  solution  is  readily  ascertained  by  making  a  similar 
experiment  with  fully  aerated  water,  the  mean  of  two  detenninations 
being  taken  in  all  cases.  The  use  of  the  table  is  obvious.  Note  the 
temperature  of  the  fully  aerated  water  used  to  standardise  the  solu- 
tion, and  also  that  of  the  water  under  examination,  then  the  necessary 
calculations  can  be  readily  made.  As  the  same  quantity  of  water  is 
used  in  all  cases  no  correction  for  quantity  is  needed,  as  the  results  so 
far  are  strictly  comparable.  The  results  should  be  stated  in  per- 
centages of  the  quantity  of  oxygen  which  the  water  is  capable  of 
ahsKrrhimj  at  its  jHirticular  ttmperaturey  as  well  as  in  actual  cubic  inches. 

Table  LXXIX. 

Showing  the  Quantity  of  Oxygen  Dissolved  by   Water  at  various 
Temperatures,     Corrected  to  0°  C,  at  760  m.m.  pressure. 


Temperature 

Temperature 

Cubic  Inches  of 

Fahrenheit. 

Centigrade. 

Oxygen  per  Gallon. 

AV        

600 

2-40 

42          

5o5 

2-37 

43         

611 

2-34 

44         

6-66 

2-31 

45         

7-22 

2-28 

46         

7-77 

2-26 

47         

8-33 

2-23 

48         

8-89 

219 

49         

9-44 

217 

50         

10-00 

2-16 

61         

10-5.) 

2-12 

52         

nil 

2-09 

63         

11-66 

2-07 

64         

12-22 

2-04 

55         

12-77 

2-02 

56         

13-33 

2-00 

57         

13-89 

1-97 

58         

14-44 

1-96 

59         

16-00 

1-93 

60         

16-55 

1-90 

61          

1611 

1-88 

62         

16-66 

1-86 

63         

17  22 

1-83 

61         

17-77 

1-81 

65         

18-33 

1-79 

66         

18-89 

1-77 

67         

19-44 

1-76 

68         

20-00 

1-78 

69         

20-55 

1-72 

70         

21-11 

1-70 
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BLAKESLEY,  T.  H,    Alternating  Currents  of  Electricity, 

For  the  use  of  Students  and  Engineers.  Third  Edition ^  enlarged, 
12mo,  cloth. 11 ,50 

BLYTH,   A.   W,,   M.R.C.S.,    F.C.S.    Foods:    Their   Com- 

ptjsition  and  Analysis.  A  Manual  for  the  use  of  Analytical 
Chemists,  with  an  Introductory  Esaa}[  on  the  History  of  Adultera- 
tions. With  numerous  tables  and  illustrations.  Fifth  EdUiimt 
thoroughly  revised ^  enlarged  and  rewriUen,     8vo,  doth, , , . .  $7.50 
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BLYTH,  A.  W.,  M.R.C.S.,  F.C.S.,  Poisons:  Their  Effects  and 

^  Detection.     A  Manual  for  the  use  of  Analytical  Chemists  and 

Experts,  with  an  Introductory  Essay  on  the  Growth  of  Modem 

Toxicology.    New  Edition In  Press, 

BODMER,  6.  R.    Hydraulic  Motors  and  Turbines.    For 

the  use  of  E^ngineers,  Manufacturers  and  Students.  Third  Edir 
Hon,  revised  and  enlarged.  With  192  illustrations.  12mo. 
cloth 15.00 

BOILEAXT,  J.  T.    A  New  and  Complete  Set  of  Traverse 

Tables,  showing  the  Difference  of  Latitude  and  Departure  of 
every  minute  of  the  Quadrant  and  to  five  places  of^  decimals. 
8vo,  cloth S5.00 

BONNEY,    6.    E.     The    Electro-platers'  Handbook.     A 

Manual  for  Amateurs  and  Young  Students  of  Electro-metallumr. 
60  illustrations.     12mo,  cloth II .  20 

BOOTH,  W.  H.  Water  Softening  and  Treatment,  Con- 
densing Plant,  Feed  Pumps,  and  Heaters  for  Steam  Users  and 
Manufacturers.     8vo,  cloth,  illustrated net,  $2.50 

BOTJRRY,  E.    Treatise  on  Ceramic  Industries.    A  Complete 

Manual  for  Pottery,  Tile  and  Brick  Works.  Translated  from 
the  French  by  Wilton  P.  Rix.  With  323  figures  and  illustrations. 
8vo,  cloth,  illustrated nU,  $8.50 

BOW,  R.  H.  A  Treatise  on  Bracing.  With  its  applica- 
tion to  Bridges  and  other  Structures  of  Wood  or  Iron.  156  illus- 
trations.    8vo,  cloth $1 .  50 

•BOWIE,  AUG.  J.,  Jr.,  M.E.      A    Practical    Treatise  on 

Hydraulic  Mining  in  California.  With  Description  of  the  Use 
and  Construction  of  Ditches,  Flumes,  Wrought-iron  Pipes  and 
Dams;  Flow  of  Water  on  Heavy  Grades,  and  its  Applicability , 
imder  Hish  Pressure,  to  Mining.  NirUh  Edition.  Small  quarto, 
cloth.     iDustrated $6.00 

BOWKER,  Wm.  R.     Dynamo,  Motor   and   Switchboard 

Circuits.  For  Electrical  Engineers.  A  practical  book,  dealing 
with  the  subject  of  Direct,  Alternating,  and  Polyphase  Currents. 
With  over  100  diagrams  and  engravings.     8vo,  cloth. .  net,  $2.25 

BOWSER,    E.    A.,    Prof.    An    Elementary    Treatise    on 

Analytic  Geometry.  Embracing  Plane  Geometry,  and  an  Intro- 
duction to  Geometry  of  three  Dimensions.  Twenty-first  Edition, 
12mo,  cloth ne^,  $1 .75 
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BOWSER,   E,  A.,   Prof,     An   Elementary  Treatise   on  the 

J>.ffcTe0tLaI  and  Integral  I'ulciilus.  With  immc^fijuj*  txampbs. 
TwerUy-jirKi   Edition.     Enlajg<*d    by    640    additional    examples 

12ino,    doth net,  12. L5 

>        An  Elementaiy  Treatise  on  Analytic  Mechanics.  With 

numerous  exam flejf.     8 ij^teentk  Edition.     12ruo^  ekiib.   ii«l,  S3.D0 

An  Elementary  Treatise  on  Hydro-mechan!c&>    With 

numerous  exiLinplef^.     Fifth  l\ditu»n,     1 2mo,  cloth net,  $2  li) 

A  Treatise  on  Roofs  and  Bridges.     With  Numerous 

Kxercia^,  espe<*iaUy  adapted  for  school  use*  l2tiio,  cloth. 
Illustrated , . , . . . .  . ,  ne^  |2  25 

BRASSEY'S   Naval   Annual  for    1905*     Edited   by   T,  A. 

Bmj3«?e>%  With  uutncn>u«  fiill*piige  diii^rame,  half-tone  illustra- 
iioiis  fttid  tables.  Nineteenth  year  of  publication.  Svo,  tlofh, 
aiustrated.. , , net,  16.00 

BRAUW,  E.     The  Baker's  Book:    A  Practical  Handbook 

of  the  Baking  Industry  in  all  Countries.  Profufit'ly  Ulustriitcd 
with  diagrams,  ptigra%'ihg»,  arid  full-page  colored  plates.  Trans- 
lated into   Engliftli  and  edited  by  Emii  Braun.      Vol.  L,  8vo, 

clotb,  LUuBtrat^,  30R  pagetj. .... ....,., 12. 50 

Vol.  IL  363  pages,  illustrated. _  I2.S0 

British    Standard    Sections*    Issued    by    the    Engineering 

Standards  C>)mmjttee*  Supported  by  Tlie  Institution  of  Civil 
Engineere,  The  Institution  of  Mechanical  Eiipneem.  The  Institu- 
tion of  Naval  jirchilects,  The  Iron  and  Steel  Institute,  and  Th^ 
Institution  of  Elcittrieal  Engineera.  Comprising  9  plates  of 
diagrams,  with  letter-press  and  tables.  Oblong  pEmphJet, 
Six  15 11.00 

BROWK^  WM.  N.     The  Art  of  Enamelling  on  Metal,  With 

figun*  and  ilhiglratii^ne.     12mn,  rloth,  illucitratcd.    ....  net,  II  .00 

Handbook  on  Japann'ng  ^d  Enamelling,  for  Cycles, 

fied«t€ads,  Tinware,  etc.     12mo,  clotb,  illustrated. net,  $1 .  50 

— —  House    Decorating    and    Painting.     With    Numerous 

illUBtmtionfl.     Vimo,  cloth.  .  - ?td,  f  1  IQ 

— — History  of  Datorative  Art.     With  Designs  and  Illus- 
trations.    I2mo,  cloth _ ,,..,...  n€t,  II . 25 
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BROWN,   WM.  N.    Principle    and   Practice    of   Dipping, 

Burnishing,  Lacquering  and  Bronzing  Brass  Ware.     12mo,  cloth. 

net,  %l.OQ 

Workshop  Wrinkles  for  Decorators,  Painters,  Paper- 

Hangers  and  Others.     8vo,  cloth net,  |1 .00 

BUCHANAN,  E.  E.    Tables  of  Squares.    Containing  the 

square  of  every  foot,  inch,  and  sixteenth  of  an  inch,  between  one 
sixteenth  of  an  inch  and  fifty  feet.  For  Engineers  and  Calcu- 
lators.    16mo,  oblong,  cloth II  .00 

BULMAN,  H.   P.,  and  REDKAYNE,   R.  S.  A.     CoUiery 

Working  and  Management;  comprising  the  duties  of  a  colliery 
manager,  the  superintendence  and  arrangement  of  labor  and 
wages,  and  the  different  systems  of  working  coal-seams.  With 
engravings,  diagrams,  and  tables.  Second  Edition,  revised  and 
enlarged,     8vo,  cloth,  illustrated net,  16 .  00 

BURGH,  N.  P.    Modem  Marine  Engineering,  Applied  to 

Paddle  and  Screw  Propulsion.  Consisting  of  36  colored  plates, 
259  practical  woodcut  illustrations  and  4^3  pages  of  descriptive 
matter.  The  whole  being  an  exposition  of  the  present  practice 
of  James  Watt  &  Co.,  J.  &  G.  Rennie,  R.  Napier  &  Sons,  and 
other  celebrated  firms.    Thick  quarto,  half  morocco $10. 00 

BURT,  W.  A.    Key  to  the  Solar  Compass,  and  Surveyor's 

Companion.  Comprising  all  the  rules  necessary  for  use  in  the 
field;  also  description  of  the  Linear  Surveys  and  Public  Land 
System  of  the  United  States,  Notes  on  the  Barometer,  Sugges- 
tions for  an  Outfit  for  a  Survey  of  Four  Months,  etc.  Seventh 
Edition.     Pocket  size,  full  leather 12.60 

BXTSKETT,   E.   W.    Fire   Assaying.     i2mo,    cloth,   illus- 
trated  in  Press. 

CAm,   W.,  Prof.    Brief  Course  in  the   Calculus.    With 

figures  and  diagrams.    8vo,  cloth,  illustrated net,  |1 .  75 

Theory    of   Steel-concrete    Arches    and    of    Vaulted 

Structures.  New  Edition,  revised  and  enlarged,  16mo,  cloth,  il- 
lustrated.    (Van  Nostrand  Science  Series) $0 .  50 

CAMPIN,    F.    On    the    Construction    of   Iron    Roofs.    A 

Theoretical  and  Practical  Treatise,  with  woodcuts  and  plates  of 
roofs  recently  executed.    8vo,  cloth 12.00 
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CARPENTER,  Prof.  R.  C,  and  DIEDERICHS,  Prof.  H, 

Inter-Q^il  Combustioa  Motors.  With  tigurcs  and  diagrams^  Hvo. 
clotb ,  illustrated. ,.,-......,.. . .  .  Jn  PreM*^ 

CARTER,  E.  T.  Motive  Power  and  Gearing  for  Elec- 
trical Machinery,  A  treatise  on  the  Tbeorj'  and  Practice  of  the 
Mechanical  Equipment  of  Power  Stations  for  Electrical  Supply 
and  for  Electric  Tractiou.  Second  Ediiion,  revised  in  part  by  G* 
ThomtiB-Davies.    8vo,  cbth,  iUustrated §5.00 

CATHCART,   WM,   L.,   Prof*    Machine   Desiga,    Part  !• 

Fastenings.    S%'o,  cIjUi,  illustrated ,  .net,  $3,00 

— — ^  Machine  Elements ;    Shrinkage  and  Pressure  Joints* 

With  tabled  and  diagrams.  ,♦..,.,......, In  Press. 

Marine-Engine  Design* , . ./n  Press. 

and  CHAFFEE,  J*  I*     Course  of  Graphic  Statics  Applied 

to  Mechanical  Engineering*  ..*.,....... In  Press 

CHAMBER'S   MATHEMATICAL    TABLES,   consisting   of 

Logarithms  of  Numbers  1  to  J08,0C)0,  Trigonometrical,  Kantical 
and  other  Tables.     New  Edition.    8vo,  cloth. .......  ^ ,..,  .  f  1 .  75 

CHARPENTIER,    P.     Timber.    A    Comprehensive    Study 

of  Wood  in  all  its  ABpecte,  Commercial  and  Botanical.  Show- 
ing the  Different  Applications  and  Uses  of  Timber  in  Various 
Trades,  etc .    Translated  in  to  English.    8  vo ,  clo  th ,  ill  ua . .  .  ne^  16  *  00 

CHAUVENET,    W.,    Prof,     New    Method    of    Correcting 

Lmmr  Diatance^t  and  Improved  Method  of  Finding  the  Error 
and  Kate  of  a  Chponometer,  by  Equal  Altitudes.     &vo,  doth.  $2  *00 

CHILD,    C.    T.     The   How   and   Why   of   Electricity,     A 

Book  of  Information  for  non -technical  readers,  treating  of  the 
Properties  of  Electricity,  and  liow  it  is  generated,  handTed,  con- 
trolled, measured  and  set  to  work.  Also  explaining  the  opera- 
tion of  Electrical  Apparatus.    Svo,  cloth,  illustrated.  -.,.*.  f  1  *00 

CHRISTIE,  W,  W.  Boiler-waters,  Scale,  Corrosion,  Foam- 
ing.    8vo,  cloth,  illustrated. iwi,  S;i  00 

Chimney  Design  and  Theory,     A  Book  for  Engineers 

and  Architects,  with  numerous  half-tone  illustrations  and  plates 
of  famoui  dunmeys.    Second  Edition,  revised.     Svo,  cloth.  $3.00 
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CHRISTIE^  W.  W.  Furnace  Draft:  its  Production  by  Me- 
chanical Methods.  A  Handy  Reference  Book,  with  figures  and 
tables.     16mo,  cloth,  illustrated.    (Van  Nostrand*8  Science  Series). 

$0.50 

CLAPPERTONy  G.  Practical  Paper-making.  A  Manual 
for  Paper-maJcers  and  Owners  and  Managers  of  Paper  Mills,  to 
which  is  appended  useful  tables,  calculations,  data,  etc.,  with 
illustrations  reproduced  from  micro-photographs.  12mo,  cloth, 
illustrated $2.60 

CLARK,  D.  E.y  C.E.     A  Manual  of  Rules,  Tables  and 

Data  for  Mechanical  En^neers.  Based  on  the  most  recent  inves- 
tigations. Illustrated  with  numerous  diagrams.  1012  pages.  8vo, 
cloth.    Sixth  Edition $5.00 

Fuel:    its  Combustion  and  Economy;  consisting  of 

abridgments  of  Treatise  on  the  Combustion  of  Coal.  By  C.  W. 
Williams,  and  the  Economy  of  Fuel,  by  T.  S.  Prideaux.  With 
extensive  additions  in  recent  practice  in  the  Combustion  and 
Economy  of  Fuel,  Coal,  Coke,  Wood,  Peat,  Petroleum,  etc. 
Fourth  Edition,     12mo,  cloth $1 .60 

The  Mechanical  Engineer's  Pocket-book  of    Tables, 

Formulae,  Rules  and  Data.  A  Handy  Book  of  Reference  for 
Daily  Use  in  Engineering  Practice.  16mo,  morocco.  Fifth 
Edition f  carefully  revised  throughout $3 .  00 

Tramways:  Their  Construction  and  Working.  Em- 
bracing a  comprehensive  history  of  the  system,  with  accounts  of 
the  various  modes  of  traction,  a  description  of  the  varieties  of 
rolling  stock,  and  ample  details  of  Cost  and  Working  Expenses. 
Second  Edition,  rewritten  and  greatly  enlarged,  with  upwards  of  400 
illustrations.    Thick  8vo,  cloth $89.00 

CLARK,  J.  M.  New  Sjrstem  of  Laying  Out  Railway  Turn- 
outs instantly,  by  inspection  from  tables.     12mo,  cloth. . .  $1.00 

CLAUSEN-THUE,  W.    The  ABC  Universal  Commercial 

Electric  Telegraphic  Code;  speciallv  adapted  for  the  use  of 
Financiers,  Merchants,  Ship-owners,  Brokers,  Agents,  etc.    Fourth 

Edition.    8vo,  cloth $6.00 

Fifth  Edition  of  same $7.00 

The  A  1  Universal  Commercial  Electric  Telegraphic 

Code.  Over  1240  pages  and  neariy  90,000  variations.  8vo, 
cloth $7.60 
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CLEEMAim,   T,    M,     The   Railroad   Engineer's   Practice. 

lieiiig  ii  Short  but  Complete  DetJtription  of  the  Duties  of  the 
Vouiig  Enpneer  in  Prehmirxary  &tid  Locratioti  Sur^evs  and  in 
Construction.  F&uHh  Ediiian,  ret4aed  and  cniargcd.  lllust rated. 
12mo^  doth, *  ♦ . .  * II  .50 

CLEVENGER,  S*  R,  A  Treatise  on  the  Method  of  Gov- 
ernment Sttrveying  a«  prpBcriljcd  bv  the  U,  i5.  Congress  and  Com- 
missioner of  tiie  General  Land  O^ce,  with  complete  Mathemati- 
cal* Astronomical,  and  Practical  Instructions  for  the  use  of  the 
United  Statea  Snrv^eyore  m  the  &eld.     16mo,  morocco, , , , . .  12. JSO 

CLOUTH^  F.    Rubber^  Gutta-Percha>  and  Balata.    First 

English  Translation  with  Additions  and  Emendations  by  the 
Author.  With  nurnemus  figiireH»  tables,  diagramB*  and  folding 
plates*     8vo,  cloth,  illustrated. ,  , , tiei,  $5.00 

COFFINj  J.  H,  C,  Prof.  Navigation  and  Nautical  Astron- 
omy. Prepared  for  the  use  of  tlie  U.  S.  Naval  Atitdemy.  New 
Edition.  Revised  by  Commander  Charles  Belknap*  52  woodcut 
illUHtrationtf*     12mo,  cloth.  *.***. net,  13 . 50 

COLE,  R.  S.,  H/L.A.  A  Treatise  on  Photographic  Optics. 
Being  an  account  of  the  Principles  of  Optica »  ao  far  as  they  apply 
to  photography.     12mo,  cloth,  103  illtis.  and  folding  plates!  ,|2.  w 

COLLmSp  J.  E,  The  Private  Book  of  Useful  Alloys  and 
Memoranda  for  Goldsmiths,  Jewelers,  etc.     ISmo,  cloth*  *  . , ,  SO  .60 

COLLINS,  T,  B.     The  Steam  Turbine,  or  the  New  Engine, 

Svo,  cloth,  illustrated. ,  Jn  I'res*, 

COOPER,  Wp  R.,  M.A,  Primary  Batteries:  Their  Con- 
struction and  Use,  With  oimierous  figures  and  diagrams.  8vo, 
cloth,  illustrated * *  * nei.HOO 

COPPERTHWAITE,   WM.    C.     Tunnel   Shields,    and   the 

Uae  of  Compressed  Air  in  Subaqueous  Works.  With  numerous 
diagrams  and  figures.    4to,  cloth,  illustrated n€t,  $9.00 

COREY,  H,  T,   Water-supply  Engineering.   Fully  illustrated. 

In  Presi. 

CORNWALL,  H,  B.,  Prof.     Manual  of  Blow-pipe  Analysis, 

Qualitative  and  Quantitative.  With  a  Complete  System  of 
Determinative  Mineralogy*  8vo,  cloth,  with  many'  illustra- 
tions* * ,»,,.,»*... ,,, 12, 50 
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COWELL,  W.  B.  Pure  Air,  Ozone  and  Water.  A  Prac- 
tical Treatise  of  their  Utilization  and  Value  in  Oil,  Grease,  Soap. 
Paint,  Glue  and  other  Industries.  With  tables  and  figures. 
12mo,  cloth,  illustrated net,%2.00 

CRAIG,  B.  F.    Weights  and  Measures.    An  Account  of 

the  Decimal  System,  with  Tables  of  Conversion  for  Commercial 
and  Scientific  Uses.     Square  32mo,  limp  cloth 50 

CROCKER,  F.  B.,  Prof.    Electric  Lighting.    A  Practical 

Exposition  of  the  Art.  For  use  of  Engineers,  Students,  and 
others  interested  in  the  Installation  or  Operation  of  Electrical 
Plants.     Vol.  I.  The  Generating  Plant.     New  Edition^  thoroughly 

revised  and  rewritten.    8vo,  cloth,  illustrated $3.00 

Vol.  II.  Distributing  Systems  and  Lamps.  Fifth  Edition.  8vo, 
cloth,  illustrated $3.00 

and  WHEELER,  S.  S.    The  Management  of  Electrical 

Machinery.  Being  a  thoroughly  revised  and  rewritten  edition  of 
the  authors'  "Practical  Management  of  Dynamos  and  Motors." 
With  a  special  chapter  by  H.  A.  Foster.     12mo,  cloth,  illustrated. 

ne^,  $1.00 

CROSSKEY,  L.  R.    Elementary  Perspective:   Arranged  to 

meet  the  requirements  of  Architects  and  Draughtsmen,  and  of 
Art  Students  preparing  for  the  elementary  examination  of  the 
Science  and  Art  Department,  South  Kensmgton.  With  numer- 
ous full-page  plates  and  diagrams.     8vo,  cloth,  illustrated  . .  $1 .00 

and  THAW,  J.    Advanced  Perspective,  involving  the 

Drawing  of  Objects  when  placed  in  Oblique  Positions,  Shadows 
and  Reflections.  Arranged  to  meet  the  requirements  of  Archi- 
tects, Draughtsmen,  and  Students  preparing  for  the  Perspective 
Examination  of  the  Education  Department.  With  numerous  full- 
page  plates  and  diagrams.     8vo.  cloth,  illustrated $1 .  50 

DAVIES,    E.    H.    Machinery    for    Metalliferous    Mines. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists  and 
Managers  of  Mines.  With  upwards  of  400  illustrations.  Second 
Edition^  rewritten  and  enlarged,    8vo,  cloth net,  $S .  00 

DAVIES,  D.  C.    A  Treatise  on  Metalliferous  Minerals  and 

Mining.  Sixth  Edition,  thoroughly  revised  and  mvch  enlarged  by  his 
son.     8vo,  cloth net,  J5.00 

Mining  Machinery In  Press, 

DAVISON,  G.  C,  Lieut.    Water-tube  Boilers In  Press. 
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BAY,  G,     The  Indicator  and  its  Diagrams.     With  Chap 

ters  on  Engine  and  Boiler  Testing;  including  a  Table  of  Piston 
Constants  compiled  by  W.  H,  Fowler.  12mo,  cloth.  136  illus- 
tmtion^.. _  _  . 12.00 

DEITE,  Dr»  C,  Manual  of  Soapmaking,  including  medi- 
cated soups.  Rtaiii-reino\  ing  soaps,  metal  jMjisbJng  s^apfi,  soap 
powders  and  detergents.  W  ith  a  treatise  on  perfumes  for  Fceni^*a 
BOfips^  and  their  production  and  tests  for  purity  and  Rtrength, 
Edited  from  the  text  of  numerous  experta.  Translated  from  the 
original  by  S .  I .  King ,  F  .C.S*    With  figures,     4to,  ebt  h ,  illuatratcd , 

net,  $5  00 

DE  LA  COUX,  H,     The  Industrial  Uses  of  Water,    With 

numerous  tables,  figures,  and  diagrams.  TrB^nslat-cni  from  the 
Frenrh  And  revised  by  Arthur  Morris.     8vo,  doth. .  . .  , .  .ntl,  §4 .  50 

DEinnr,  G*  a,     Deep-leve!  Mines  of  the  Rand^  and  their 

future  development*  considered  from  the  commercial  pomt  of 
view.  With  folding  plates,  diagrams^  and  tables.  4tfl,  cloth, 
illustrated. -..net,  $10.00 

DERR,  W,  L.  Block  Signal  Operation,  A  Practical 
MamuU.     Pocket  Size.     Oblong,  cloth.    Secand  EdiHim II. SO 

DTBDIS^  W,  J,    Public  Lighting  by  Gas  and  Electricity. 

With  tables*  diagrams,  etigravingB  and  full-page  plates.  8vo, 
cloth,  iUufltrated- ..,..,. net,  |8,00 


Purification    of    Sewage    and   Water.      With    tables, 

engravinga,  and  folding  plates.  Third  Edition,  reid^ed  and 
eTiiarged.     8vo,  cloth,  iUus.  and  numerous  folding  plates,  ...  16.50 

DUTERICH,  K,    Analysis  of  Resins,  Balsams,  and  Gum 

Remns;  their  CheniiKtrr  and  Pharmacognosis.  For  the  use  of 
the  Scientific  and  Technical  Research  Chemist.  With  a  Bibliog- 
taphy.  Translated  from  the  German,  by  Chas.  Salter.  Svo. 
doth ........ . . . ,  ncM3  ,00 

BlXOir,  D,  B.  The  Maclilnist's  and  Steam  Engtneer*5 
Prjictical  Calculator.  A  Compilation  of  Useful  Rules  and  Prob- 
lems arithmetically  solved,  together  with  General  Information 
applicable  to  Shop-tools,  Mill-gearing,  Pulleys  and  Shafts.  Steam- 
boders  and  Engines.  Elmhracing  valuable  Tables  and  Instruc- 
tion in  Screw--cutting,  ^'^alve  and  Link  Motion,  etc.  Third  Edition. 
l6mo,  full  morocco,  pocket  form. . .  .\ |1 ,25 

DOBLE,  W.  A.     Power  Plant  Construction  on  the  Pacific 

Coast . ..,. .    In  Fresa. 
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DODDy  GEO.  Dictionary  of  Manufactures,  Mining,  Ma- 
chinery, and  the  Industrial  Art«.     12mo,  cloth $1 .60 

DORR,  B.  F.  The  Surveyor's  Guide  and  Pocket  Table- 
book.  Fifth  Edition,  thoroughly  revised  and  greatly  extended. 
With  a  second  appendix  up  to  date.     16mo,  morocco  flaps.  .    $2 .  00 

DRAPER,   C.   H.     An   Elementary  Text-book   of  Light, 

Heat  and  Sound,  with  Numerous  Examples.  Fourth  Edition, 
12mo,  cloth,  illustrated $1 .00 

Heat  and  the  Principles  of  Thermo-dynamics.    With 

many  illustrations  and  numerical  examples.     12ino,  cloth. . .  $1 .  60 

DTSON,  S.  S.    Practical  Testing  of  Raw  Materials.     A 

Ck)ncise  Handbook  for  Manufacturers,  Merchants,  and  Users  of 
Chemicals,  Oils,  Fuels,  Gas  Residuals  and  By-products,  and 
Paper^making  Materials,  with  Chapters  on  Water  Analysis  and 
the  Testing  of  Trade  Effluents.  8vo,  cloth,  illustrations,  177 
pages net,  $5.00 

ECCLES,  R,  G.  (Dn),  and  DUCKWALL,  E.  W.  Food  Pre- 
servatives: their  Advantages  and  Proper  Use;  The  Practical 
versus  the  Theoretical  Side  of  the  Pure  Food  Problem.    8vo, 

paper $0.60 

Cloth 1 .00 

EDDY,    H.   T.,   Prof.     Researches   in    Graphical   Statics. 

Embracing  New  Constructions  in  Graphical  Statics,  a  New  General 
Method  in  Graphical  Statics,  and  the  Theory  of  Internal  Stress 
in  Graphical  Statics.    8vo,  cloth $1 .60 

Maximum  Stresses  wider  Concentrated  Loads.  Treated 

graphically.     Illustrated.    8vo,  cloth $1 .  50 

EISSLER,  M.    The  Metallurgy  of  Gold.  A  Practical  Treatise 

on  the  Metallurgical  Treatment  of  Gold-bearing  Ores,  including 
the  Processes  of  Concentration  and  Chlorination,  and  the  Assay- 
ing, Melting  and  Refining  of  Gold.  Fifth  Edition,  revised  and 
gtwtly  enlarged.  Over  300  illustrations  and  numerous  folding 
plates.     8vo,  cloth $7.60 

The  Hydro-Metallurgy  of  Copper.    Being  an  Account 

of  processes  adopted  in  the  Hydro-metallurgical  Treatment  of 
Cupriferous  Ores,  including  the  Manufacture  of  Copper  Vitriol. 
With  chapters  on  the  sources  of  supply  of  Copper  and  the  Roasting 
of  Copper  Ores.  With  numerous  diagrams  and  figures.  8vo, 
cloth,  illustrated net,  $4.60 
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EISSLER,    M,      The   Metallurgy  of   Silver.      A  Practical 

Treatiaeoii  the  Amalgaiimtion,  Eoasiing  arid  Lixiyiaiion  of  Silver 
Ores,  includlog  the  AsaayiDSt  Melting  mid  HeJining  of  Siher 
Bullion.     134  UlustratiotiB.    Searnd  Edition ^  enlarged.     8vo,  cloth. 

$4  00 

—  The  Uetallurgy  of  Argentiferoui  Lead.     A  Practical 

Treatise  on  the  Smelting  of  t?! her- Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  Various  Smelting  Estahlish- 
meots  and  Descriptions  of  Modem  iSmeltiug  Furnaces  and  Plants 
ill  Europe  and  America.     With  183  illustrations.     8vo,  cloth. 

$5  00 

Cyanide  Process  for  the  Eiiraction  of  Gold  and  its 

Prartiual  Applicatioa  on  the  Witwatererand  Gold  Fields  in  South 
Africa.  Third  Edition^  revised  and  eniarged.  lUtiatrations  and 
folding  plfttes>     8vo.  eloth , 13 .  00 

A  Handbook  on  Modem  Explosives,     Being  a  Prao- 

tical  Treatise  on  the  Manufacture  and  Vse  of  Dyfmmite,  Gun- 
cotton,  Nitroglycerine,  and  other  Explosive  Compounds,  in- 
cluding the  manufacture  of  Collodion-cotton,  with  chaptera  on 
Explosives  ill  Practical  Application.  Second  Edition,  enlnrged 
wiln  150  illustrations.     l2mo,  cloth $5  00 

ELIOT,   C.   W.^   and   STORER,   F.   H,     A   Compendious* 

Manual  of  Qwditative  Chemical  Analvsia  Revised  with  the  co- 
operation of  the  authors,  by  Prof,  WjJibm  R.  Nichols.  Illua- 
tmted.  Twentieth  EdUion,  newlp  revised  by  Frof.  W,  B.  Lindsay. 
l!2mo,  cloth , , , : _  tift.  II ,  25 

ELLIOT,    G,   H,,   Maj,     European   Light-house   Systems. 

Being  a  Report  of  a  Tour  of  Inspection  made  in  1873.  51  en- 
gravings and  21  woodcuta*     8vo,  cloth*  .*..*.**,-...,..   15  00 

ERFURT^  J.     Dyeing  of  Paper  Pulp.   A  Practical  Treatise 

for  the  use  of  paper-makers*  paper-stainers,  stiidents  and  others, 
With  illustrations  and  157  patterns  of  paper  dyed  in  the  ptilp, 
with  formulas  for  each.  Tranalfited  into  English  and  edited, 
"with  additions,  by  Jtihus  Hiibner,  F.C.S.  4^vo,  cloth,  iJlus- 
trated. ., * .  _  nd,  $7, 50 

EVERETT,    J.    D,     Elementary    Text-book    of    Physics, 

lllusimted.     Seventh  Edition.     l2mo,  cloth Si  50 

EWING,  A.  J.,  Prof.  The  Magnetic  Induction  in  Iron 
and  other  metak.  Third  Edition,  revised,  im  iUustrationa 
Svo,  cloth , , , .  _  .  .   $4.00 
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FAIRIE,  J.y  F.G.S.  Notes  on  Lead  Ores:  Their  Distribu- 
tion and  Properties.     12mo,  cloth $1 .00 

Notes  on  Pottery  Clays:  The  Distribution,  Properties, 

Uses  and  Analysis  of  Ball  Clays,  China  Clays  and  China  Stone. 
With  tables  and  formuke.     12mo,  cloth $1 .  50 

FANNING,  J.  T.    A  Practical  Treatise  on  Hydraulic  and 

Water-supply  Engineering.  Relating  to  the  Hydrology,  Hydro- 
dynamics and  Practical  Construction  of  Water-works  in  North 
America.  180  illus.  8vo,  cloth.  Sixteenth  Ediiionf  revised,  en- 
larged, and  new  tables  and  illustrations  added,    650  pp $5.00 

FAY,  I.  W.    The  Coal-tar  Colors:  Their  Origin  and  Chem- 

btry.    8vo,  cloth,  illustrated In  Press, 

FERNBACH,  R.  L.  Glue  and  Gelatine ;  a  Practical  Trea- 
tise on  the  Methods  of  Testing  and  Use.     i2mo,  cloth.  .In  Press, 

FISH,  J,  C.  L.  Lettering  of  Wo  king  Drawings.  Thir- 
teen plates,  with  descriptive  text.    Oblong,  9X12},  boards .  $1 .  00 

FISHER,  H.  E.  C,  and  DARBY,  W.  C.    Students'  Guide 

to  Submarine  Cable  Testing.  Third  (new  and  enlarged)  Edi- 
tion.   8vo,  cloth,  illustrated J3. 50 

FISHER,   W.   C.    The   Potentiometer   and  its  Adjuncts. 

8vo,  cloth S2.25 

FISKE,  B.  A.,  Lieut.,  n.S.N. ,  Electricity  in  Theory  and 

Practice  ;  or,  The  Elements  of  Electrical  Engineering.  Eighth 
Edition,    8vo,  cloth $2.60 

FLEISCHMANN,  W.    The  Book  of  the  Dairy.    A  Manual 

of  the  Science  and  Practice  of  Dairy  Work.  Translated  from 
the  German,  by  C.  M.  Aikman  and  R.  Patrick  Wright.  8vo, 
cloth $4.00 

FLEMING,  J.  A.,  Prof.  Th3  Alternate-current  Trans- 
former in  Theory  and  Practice.  Vol.  I.,  The  Induction  of  Electric 
Currents;  611  pages.  New  Edition,  iWusiT&ted,  8vo,  cloth,  $5.00 
Vol.  II.,  The  Utilization  of  Induced  Currents.  Illustrated.  8vo, 
cloth S6.00 

Centenary    of    the    El  ctrical    Current,    1799-1899. 

8vo,  paper,  illustrated $0 .  50 
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FLEMING,  J.  A.,  Prof.    Electric  Lamps  and  Electric  Lights 

ing,  lieiJig  a  courae  of  four  leetupca  delivcnxl  at  the  Royal  lasti* 
tution,  April-May,  1894.     8vo,  doth,  fully  illustrated..  .  , .  ,S3  00 

Electrical  Laboratory  Notes  and  Forms,  Eiementary 

aod  Advanced,     -llo,  cloUi,  illustmteiL  .     .,.._, $5  tXP 

— — A  Handbook  for  the  Electrical  Laboratory  and  Test- 

mg  Room.     2  volimiefl.     8vo,  doth ..  .each  $5.00 

FLEURY,  H.     The  Calciilus  Without  Limits  or  Infinitesi- 
mals.    Translated  by  C,  O.  Mailk.mx ./n  Prcnj^ 

FOLEY,    N,,    and    PRAY,    THOS.,    Jn     The    Mechanical 

Engineers'  Reference  liook  for  Machine  and  Boiler  Const rnction, 
in  two  parts.  Part  1 — General  Engineering  Data.  Part  2 — 
BoUer  Conatruction.  With  51  plates  and  numerous  iHuBtrationfl, 
specially  drawn  for  this  work.  FohOf  half  morocco,  New  Edi- 
tion.  .  .  ,  /n  Prt^s^ 

FORKEY,  M.  N.    Catechism  of  the  Locomotive.     Second 

Ediiion, revised  and  enlarged.     46th  thousand.    Svo,  doth.  .13,50 

FOSTER,  H.  A,     Electrical  Engineers*  Pocket-book.     With 

the  Collabonation  of  Emmeni  Sp^nnHlis^L^i.  A  handbook  of  useful 
data  for  Eleclrieian.^  and  Electriral  Engineers.  Wtth  innumer- 
able tables,  diagrams,  and  figures.  Third  Ediiu>n^  rejHsed 
Pocket  size,  full  leather,  1000  pp 1500 

FOSTER,    J.    G,,    Geo.,    U,S.A,    Submarine    Blasting    m 

Boston  Harbor,  Massachusetts.  Removal  of  Tower  and  Corwin 
liocka.     Illustrated  with  7  plates,     4to,  cloth S3  50 

FOSTER,  J,     Treatise  on  the  Evaporation  of  Saccharine^ 

Chemical  and  other  Liquids  by  the  Multiple  System  in  Vacuum 
and  Open  Air.  Third  Edition,  Diagrame  and  large  plates, 
Svo.  doth .......... ..............   $7.50 

FOX,    WM.,    and   THOMAS,    C,   W,,    M.E.     A   Practical 

Course  in  Mechanical  Drawing.  Second  Edition,  revised.  l2mo, 
doth,  with  plates..  .,.....,.. f  1 .  25 

FRANCIS,    J»   B,,   C.E,     LoweU    Hydraulic    Experiments. 

Being  a  seleciioH  from  experiments  on  Hydraulic  Motors  on 
the  Flow  of  Water  over  Weirs,  in  Open  Canals  of  uniform  reel- 
angular  section,  and  through  submerged  Orificra  and  diverging 
Tubes.  Made  at  Lowell,  Ma^.  Fourth  Edition,  retmed  and 
er^arged,  with  many  new  experiments,  and  ilJustrated  ^^ith  23 
ooppeiivplate  engravings     4to,  doth. I15.Q0 
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FRASER,  R.  H.y  and  CLARK,  C.  H.    Marine  Engineering. 

In  Press, 

FULLER,  G.  W.    Report  on  the  Investigations  into  the 

Purification  of  the  Ohio  River  Water  at  LouisviUe,  Kentucky, 
made  to  the  President  and  Directors  of  the  Louisville  Water 
Company.  Publbhed  under  agreement  with  the  Directors. 
3  full-page  plates.     4to,  cloth net,  $10.00 

FURNELL,  J.     Students'  Manual  of  Paints,  Colors,  Oils 

and  Varnishes.     8vo,  cloth,  illustrated net,  $1 .00 

GARCKEi    E.,    and    FELLS,    J.    M.    Factory   Accounts: 

their  principles  and  practice.  A  handbook  for  accoimtants  and 
manufacturers,  with  appendices  on  the  nomenclature  of  machine 
details,  the  rating  of  factories,  fire  and  boiler  insurance,  the 
factory  and  workshop  acts,  etc.,  including  also  a  large  number 
of  specimen  rulings.  Fifth  Edition,  revised  and  extended.  8vo, 
cloth,  illustrated $3.00 

GEIKIE,  J.    Structural  and  Field  Geology,  for  Students  of 

Pure  and  Applied  Science.  With  figures,  diagrams,  and  half- 
tone plates.    8vo,  cloth,  illustrated net,  $4 .00 

GERBER,  N.    Chemical  and  Physical  Analysis  of  Milk, 

Condensed  Milk,  and  Infants'  Milk-food.    8vo,  cloth $1 .  25 

GERHARD,    WM.    P.      Sanitary    Engineering.       i2mo, 
cloth SI  .26 

GESCHWIND,  L.    Manufacture  of  Alum  and  Sulphates, 

and  other  Salts  of  Alumina  and  Iron;  their  uses  and  applications 
as  mordants  in  dyeing  and  calico  printing,  and  their  other  appli- 
cations in  the  Arts,  Manufactures,  Sanitary  Engineering,  Agri- 
culture and  Horticulture.  Ti'an^ted  from  the  French  by 
Charles  Salter.  With  tables,  figures  and  diagrams.  8vo,  cloth, 
illustrated net,  $5.00 

GIBBS,  W.  E.    Lighting  by  Acetylene,  Generators,  Burners 

and  Electric  Furnaces.  With  66  illustrations.  Second  Edition, 
revised.     12mo,  cloth $1 .  50 

GILLMORE,  Q.  A.,  Gen.    Treatise  on  Limes,  Hydraulic 

Cements  and  Mortars.  Papers  on  Practical  Engineering,  United 
States  Engineer  Department,  No.  9,  containing  Reports  of  nu- 
merous Experiments  conducted  in  New  York  City  during  the 
years  1868  to  1861,  inclusive.  With  numerous  illustrations. 
Svo,  cloth $4.00 
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GILLMORE,  Q,  A.,  Gen,     Practical  Treatise  on  the  Con~ 

struction  of  RoadB^  Streets  aiid  Pavenienta.  Tcfiih  Edition,  With 
70  iUustmtiona.     12tiio,  doth ,..,... $2 .00 

^  Report  on  Strength  of  the  Building  Stones  in  the 

United  States,  etc.     Svo,  iUuatmted,  cloth ,   II .  00 

GOLDING,  H,  A,  The  Theta-Phi  Diagram,  Practically 
AppUed  to  Steam,  Ga«,  Oil  and  Air  Engines,  i2mo,  doth, 
iUuMrat^d , ,..,...  net,  SI  .26 

GOODEVE,    T,   M,     A   Text-book   on    the   Steam-engine. 

With  a  Supplement  on  Gas^nginea.  Twelfth  Ediiion,  enlarged. 
143  iUustrations.     12mo,  cloth.  .  , $2. 00 

GORE,  G.,  F.R.S.  The  Art  of  Electrolytic  Separation  of 
MetaU,  etc.  (Theoretical  and  PracticalO  HJustrated.  Svo, 
doth S3  50 

GOULD,    E.    S.    The   Arithmetic    of    the    Steam-engine. 

8vo,  cloth SI  .00 

Practical    Hydrostatics    and    Hydrostatic  Formulas* 

With  numeroua  figures  and  diagrams.  {Van  NQntrafid's  SHence 
Sisn€6.)    16mo,  doth,  iUustrated,  1 H  pp* SO. 50 

GRAY,   J.,   B.Sc.    Electric^   Influence   Machines:    Their 

Historical  Devdopineiit,  and  Modem  Fomis^  with  instr^ietioriB 
for  making  them.  With  Jiumeroua  figures  and  dia^?rams,  Sec&fid 
Edition,  revised  and  enlarged.     l2mo,  cloth  j  ill  us,,  205  pp.. .  .$2.00 

GREENWOOD,  E.  Classified  Guide  to  Technical  and  Com- 
mercial Books.  Subject  Liat  of  Principal  Britiah  and  American 
Worka  in  print.     8vo,  cloth.. .  _ , net,  S3  00 

GRIFFITHS,  A,  B-,  Ph.D.    A  Treatise   on   Manures,  or 

the  Philo®>phy  of  Manuring.  A  Practical  Handbook  for  the 
Agriculturifitj  Manufacturer,  and  Student.     12mo,  doth.  ,  .  $3,00 

^  Dental    Metallurgy.      A    Mantial    for    Students    and 

Dentiats.     8vo,  doth,  iUustrated,  208  pp.  - nei,  $3,50 

GROSS,   E,    Hops,   in   their  Botanical,  Agricultural   and 

Technical  Aapeet,  and  as  an  artide  of  Commerre.  Translated 
from  the  German  by  Charies  Salter.  With  tables,  diagrams, 
and  illuatrationa.     Svo^  doih,  illuatratedt  .  .  , n«f,  $4.50 
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GROVERy    F.    Practical    Treatise    on    Modem    Gas    and 

Oil  Engines.     8vo,  cloth,  illustrated net,  $2.00 

GRUNER,  A.    Power-loom  Weaving  and  Yam  Number* 

ing,  according  to  various  systems,  with  conversion  tables.  An 
auxiliary  and  text-book  for  pupils  of  weaving  schools,  as  well 
as  for  self-instruction,  and  for  general  use  by  those  engaged  in 
the  weaving  industry.  Illustrated  with  colored  diagrams.  8vo, 
cloth n«<,  $3.00 

GURDEN,  R.  L.    Traverse  Tables:    Computed  to  Fotir- 

place  Decimals  for  every  single  minute  of  angle  up  to  100  of 
Distance.  For  the  use  of  Surveyors  and  Engineers.  New  Edition. 
Folio,  half  morocco S7 .  50 

GUY,    A,    E.    Experiments    on    the    Flexure    of   Beams^ 

resulting  in  the  Discovery  of  New  Laws  of  Failure  by  Buckling. 
Reprinted  from  the  "American  Machinist."  With  diagrams  and 
folding  plates.    8vo,  cloth,  illustrated,  122  pages net,  $1 .25 

A.  F,     Electric  Light  and  Power:  Giving  the  Result 

of  Practical  Experience  in  Central-station  Work.  8vo,  cloth, 
illustrated $2. 50 


HAEDERy  H.,  C.E.    A  Handbook  on  the  Steam-engine. 

With  especial  reference  to  small  and  medium-sized  engines.  For 
the  use  of  Engine-makers,  Mechanical  Draughtsmen,  Engineer- 
ing Students  and  Users  of  Steam  Power.  Translated  from  the 
German,  with  considerable  additions  and  alterations,  by  H.  H. 
P.  Powlcs.  Third  English  Edition,  revised,  8vo,  cloth,  illus- 
trated, 458  pages J3.00 

HALL,  C.  H.    Chemistry  of  Paints  and  Paint  Vehicles. 

Svo,  cloth net,  $2. CO 


-  W.  S.,  Prof.    Elements  of  the  Differential  and  In- 
tegral Calculus.    Sixth  Edition,  revised.    Svo,  cloth,  illustrated. 

net,  $2.25 

—  Descriptive  Geometry,  with  Ntmierous  Problems  and 

Practical  Applications.     Comprising  an  Svo  volume  of  76  pages 
of  text  and  a  4to  atlas  of  31  plates.     2  vols.,  cloth n^,  $3.50 
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HALSEY,  F.  A.  Slide-valve  Gears*  An  Explanation  of 
Ihe  Action  and  Conatruction  of  Plain  and  Cut-off  Slide  Valves, 
Illustrated.     Siventh  Edition.     Umo,  doth  ...... ....  $1 .50 

The  Use  of  the  Slide  Rule.     With  illustrations  and 

folding  pliites.  Second  Editwn.  l6rao,  boards.  {Van  Noa- 
trand's  Scitrwe  SeritSf  No.  114.), ... 50 

The  Locomotive   Link    Motion^  with  Diagrams  and 

Tables.     8vo,  doth,  illustrated , $1  .00 

Worm    and    Spiral    Gearing.    Revised   and  Enlarged 

Edition.     ISmo,  doth  (Van  Nmirand^M  S^imce  Series,  No.  116.) 

lllu&tmted ._....._..._, SO 

The    Metric    Fallacy^  and    **  The    Metric    Failure    in 

the  Textile  ladtistry/*  by  Samud  S.  Dale.  Svo»  cloth,  illue- 
tmted.  .._.... $1 .00 

HAMILTON^    W.    G.     Useful    Information    for    Railway 

Men.  Tenih  Edition,  revised  and  enlarged.  562  paj^es,  piK^ket 
form,     Morocco,  gilt f  2 .  00 

HAMMER,  W,  J,     Radium,  and  Other  Radio-active  Suh- 

ataxices;  Ptjlmiium,  Actinium  and  Thorium.  With  a  considera- 
tion of  PhoKphoresc«»nt  and  Fluorescent  Bubstant't^s,  the  Prnpei^ 
tie«  and  Applications  of  Helenium,  and  the  treatment  of  disease 
by  the  Ulira-V'iolet  IJglit,  Second  Edition.  With  engravinge 
and  photographic  platen.     Svo,  doth,  illuetrated,  72  pp-*.  $1  .00 

HANCOCK,    H,     Text'book    of    Mechanics    and    Hydro- 

atSLtics,  with  over  500  diagrairis.     8vo^  cloth. . ......  n^t,  $1 .  50 

HARDYj   E,     Elementary   Principles   of   Graphic   Statics. 

Containing  192  diagrams.     8vo,  cloth,  illustrated SI  .50 

HARRISON,    W.    B.     The    Mechanics*    Tool-book,    With 

Practical  Rules  and  Suggestions  for  use  of  Machinists,  Iron- 
workers and  others.     With  44  engravingB.     12mo,  doth. ..  .11 .50 

HART*  J.  W.     External  Plumbing  Work.    A  Treatise  on 

Lead  Work  for  Hoofs.  With  numerous  figures  and  diagrams. 
8%^o,  cloth,  illustrated net,  $2. 00 

i—^  Hints  to  Plumbers  on  Joint  Wiping,  Pipe  Bending^ 

and  Lead  Hiiming.  Containing  1S4  figures  and  diagratn.'«.  H%'o, 
doth,  illustrated nd,  S3  00 
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HART,  J.  W.  Principles  of  Hot-water  Supply.  With 
numerous  illustrations.     8vo,  cloth net^  $3.00 

Sanitary  Plumbing    and   Drainage.    With  numerous 

diagrams  and  figures.     8vo,  cloth,  illustrated ne^  $3.00 

HASKINS,   C.   H.    The   Galvanometer  and  its   Uses.    A 

Manual  for  Electricians  and  Students.  Fourth  Edition.  12mo. 
cloth $1 .50 

HAUFF,  W.  A.    American  Multiplier:  Multiplications  and 

Divisions  of  the  largest  numbers  rapidly  performed.  With  index 
giving  the  results  instantly  of  all  numbers  to  lOOOX  1000  — 1,000,- 
000;  also  tables  of  circumferences  and  areas  of  circles.  Cloth, 
6iXl5i $5.00 

HAUSBRAND,  £.    Drying  by  Means  of  Air  and  Steam. 

With  explanations,  formulas,  and  tables,  for  uee  in  practice. 
Translated  from  the  German  by  A.  C.  Wright,  M.A.  12mo, 
cloth,  illustrated net,  $2.00 

Evaporating,    Condensing    and    Cooling     Apparatus: 

Explanations,  Formulae,  and  Tables  for  Use  in  Practice.  Trans- 
lated from  the  Second  Revised  German  Edition  by  A.  C.  Wright, 
M.A.  With  numerous  figures,  tables  and  diagrams.  8vo,  cloth, 
illustrated,  400  pages net,  $5.00 

HAUSNER,    A.    Manufacture    of    Preserved    Foods    and 

Sweetmeats.  A  Handbook  of  all  the  Processes  for  the  Preserva- 
tion of  Flesh,  Fruit,  and  Vegetables,  and  for  the  Preparation  of 
Dried  Fruit,  Dried  Vegetables,  Mannalades,  Fruit-syrups,  and 
Fermented  Beverages,  and  of  all  kinds  of  Candies,  Candied  Fruit 
Sweetmeats,  Rocks,  Drops,  Dragees,  Pralines,  et<!.  Translated 
from  the  Third  Enlarged  German  Edition,  by  Arthur  Morris  and 
Herbert  Robson,  B.Sc.     8vo,  cloth,  illustrated n€^  $3.00 

HAWKE,  W.  H.     The  Premier  Cipher  Telegraphic  Code, 

containing  100,000  Words  and  Phrases.  The  most  complete  and 
most  uaeful  general  code  yet  published.     4to,  cloth $5.00 

100,000   Words    Supplement    to   the   Premier   Code. 

All  the  words  are  selected  from  the  official  vocabulary.  Oblong 
quarto,  cloth $5 .  00 

HAWKESWORTH,  J.  Graphical  Handbook  for  Rein- 
forced Concrete  Design.  A  series  of  plates,  showing  graphically, 
by  means  of  plotted  curves,  the  required  design  for  s£bs,  beams, 
and  columns  under  various  conditions  of  external  loading,  together 
with  practical  examples  showing  the  method  of  using  each  plate. 
8vo,  cloth In  Press, 
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HAWKINS,  C.  C,  and  WALLIS,  F.  The  DynMio:  Its 
Theory,  Design,  &ud  Ummtmime,  190  illunlmtiona.  12tn0, 
cloth nee ,  f3 .  00 

HAY,  A,  Alteraatiog  Currents  j  Their  Theory*  Genera- 
tion, and  TmM  format  ion.     8vo,  cbth,  illustrated nd,  S2,50 

Principles    of    Alternate-current    Working,      izmo^ 

doth,  iUustrat^jd ..,,....,.,........,.,. S2.  00 

HEAP,    D.    P.,   Major,    n.S.A.     Electrical   Appliances    of 

the  Present  Day.  Export  of  the  Paris  Electrical  Exposition  of 
1881 .     250  iUuBtratioiis.     8vo,  cloth. |2. 00 

HEAVISIDE,    0,     Electromagnetic    Theory.     8vo,    cloth. 

two  volumes,  .*.,..,,. .,.,....,,  .e&ch,  $5, 00 

HECK,  R.  C.  H.    Steam-Engine  and  Other  Steam  Motors, 

A  text-book  for  engineering  t'olleges  ami  a  treHtise  for  engiriecrs. 
Vol.  I.  The  Thermodynamics  and  the  Mech&nica  of  the  Eo^cie^ 
With  niimeroua  figures,  diagrams,  and  tables.     8vq,   cloth,  Slus^ 

trated ....net,  $3,50 

Vol  IL  Form,  Construction,  and  Working  of  the  Engine:  Th© 
Steam  Turbine.     B\ft,  doth,  illust rated,. ............  .nd^  13.50 

HEDGES,  K*  Modem  Lightning  Conductors.  An  Illus- 
trated Supplement  to  the  Report  of  the  Lightning  Research  Com- 
mittee of  1905,  with  Notes  as  to  Methods  of  Protection  and  Speci- 
fieationfl.  With  figures,  half-tonea,  and  folding  tables.  8vo,  cloth, 
iUufltrated . fwl,  f3.0O 

HEERMATW,   P,     Dyers*   Materials,     An   Introduction   to 

the  Examination,  Valuation,  and  Application  of  the  most  impor- 
tant nubetances  used  in  Dyeing,  Pnn ting.  Bleaching  and  Finish- 
ing. Tranfllflted  by  Arthur  C.  Wright,  M.A.  12mo,  cloth,  iilua- 
trated fwi,  $2,50 

HENRICI,  0,  Skeleton  Structures,  Applied  to  the  Build- 
ing of  steel  and  Iron  Bridges.     8vo,  cloth,  illuBt rated* . . |1 .  50 

HERMANN,   F.    Pamting    on    Glass   and   Porcelain    and 

Enamel  Painting.  On  the  basis  of  Personal  Practical  Experience 
of  the  Condition  of  the  Art  up  to  date.  Translated  bv  Charlea 
Salter.    Sec&nd  greatly  enlarged  edUion,    Svo,  cloth,  illufltrated, 

n^f,  13.50 

HERRMANN,   G,     The   Graphical  Statics  of  Mechanism. 

A  Guide  for  the  Use  of  Machinists,  Architects  and  Enffineera;  and 
Blm  a  Text-book  for  Technical  Schools.  Translated  and  anno- 
tated by  A.  R  Smith,  M.E.  Fourth  EdUion.  12mo,  cloth,  7 
folding   plates , .  12,00 
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HERZFELD,  J.,  Dr.    The  Technical  Testing  of  Yams  and 

Textile  Fabrics,  with  reference  to  official  specifications.     Trans- 
lated by  Chas.  Salter.     With  69  illustrations.     8vo,  cloth  net,%3.S0 

HEWSON,    W.    Principles    and    Practice    of   Embanking 

Lands  from  River  Floods,  as  applied  to  the  Levees  of  the  Missis- 
sippi.    8vo,  cloth $2 .  00 

HILL,  J.  W.    The  Ptirification  of  Public  Water  Supplies. 

Illustrated    with    valuable   tables,    diagrams,    and    cuts.      8vo, 
cloth tS.OO 

HIROIy   I.    Statically-Indeterminate   Stresses   in   Frames 

Commonly  Used  for  Bridges.     With  figures,  diagrams,  and  ex- 
amples.    12mo,  cloth,  illustrated net,  $2.00 

HOBBS,  W.  R.  P.    The  Arithmetic  of  Electrical  Meastire- 

ments,    with    numerous   examples,    fully    worked.     Revised    by 
Richard  Wormell,  M.A.    Ninth  Edition.     12mo,  cloth 50 

HOFFy  J.  N.    Paint  and  Varnish  Facts  and  Formulas.    A 

hand-book  for  the  maker,  dealer,  and  user  of  paints  and  var- 
nishes.   Containing  over  600  recipes.    Svo,  cloth net,  $3.00 

HOFFy  WM.  B.y  Com.,  n.S.N.    The  Avoidance  of  Collisioiils 

at  Sea.     18mo,  morocco 75 

HOLLEYy  A.  L.  Railway  Practice.  American  and  Euro- 
pean Railway  Practice  in  the  Economical  Generation  of  Steam, 
mcluding  the  Materials  and  Construction  of  Coal-burning  BoUere, 
Combustion,  the  Variable  Blast,  Vaporization,  Circulation,  Super- 
heating, Supplying  and  Heating  Feed  Water,  etc.,  and  the 
Adaptation  of  Wo^  and  Coke-burning  Engines  to  Coal-burning; 
and  in  Permanent  Way,  including  Koad-oed,  Sleepers,  Rai£, 
Joint  Fastenings,  Street  Railways,  etc.  With  77  lithographed 
plates.    Folio,  cloth $12.00 

HOLMES,  A.  B.  The  Electric  Light  Popularly  Explained. 
Fifth  Edition,    Illustrated.     12mo,  paper .40 

HOPEINSy  N.  M.  Experimental  Electrochemistry:  Theo- 
retically and  Practically  Treated.  With  132  figures  and  dia- 
grams.   Svo,  cloth,  illustrated net,  S3 .00 

Model  Engines  and  Small  Boats.    New  Methods  of 

En^ne  and  Boiler  Making,  with  a  chapter  on  Elementary  Ship 
Design  and  Construction.    12mo,  cloth $1 .25 
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HORJfER,  J.     Engineers'  Turning,  in  Principle  and  Prac* 

tice*  A  iiandbuolt  for  Wurking  Lngineens,  TechnifiLl  Studetita, 
&iid  Amateurs.  With  488  figures  and  diagrams*  8vo,  cloth, 
lliustrated .. .    net,  $3. 50 

HOUSTON,  £•  J.,  and  KENNELLY,  A.  E.    Algebra  Made 

Eajsy.  Being  a  clear  expJauation  of  the  Mftthematical  Foriuuls 
found  In  Prof.  Tliompson's  *'Dynaiiio-electric  Macliinery  and 
Poiy phase  EJectric  Currents. '*  With  figures  and  examples*  hvo, 
cloth,  iJliMrated .^  . , .  *    *  75 

The  Interpretation  of  Mathematical  Formulae,    With 

fignn^s  and  examples.     8vo,  cloth,  illustrated $1 ,25 

HOWARD,  C.  R.     Earthwork  Mensuration  on  the  Basis 

of  thi*  Priemoidal  Forinula'.  Containing  Simple  and  Labor-siaving 
Methods  of  obtaining  Prismoidal  Contents  directly  from  End 
Areas.  Illustrated  by  Examples  and  accompanied  by  Pbin 
Rules  for  Practic4il  Use.     Illustrated.     Svo,  cloth ,..,   SI. 50 

HOWORTH,    J.     Art   of   Repairing   and   Riveting   GlasSp 

China  and  Earthenware*  S€cond  Edition.  Svo,  pamphlet,  illus- 
trated  titfl/SO.50 

HUBBARD,  E.  The  Utilization  of  Wood-waste.  A  Com- 
plete Account  of  th^  Mfm  Adv;intageous  Methods  of  W^orking  Up 
Wood  Refuse*  eBpet-ioJly  Sawdust,  ExhnUHted  Dye  Woods  and 
Tan  as  Fuel,  as  a  Source  of  Cheinic  al  Products  for  Artificial  W^ood 
Compositions,  Explosives,  Manures,  and  many  other  Technical 
Purposes.  Tranelateti  from  the  German  of  the  se^^Gnd  rm^ued 
and  enlarged  ediiion,     Svop  cloth,  illuatrated^  192  pages. .  net,  $2.  SO 

HUMBER,  W.,  C.E,     A  Handy  Book  for  the  Calculation 

of  Strains  in  Girders,  and  Similar  Structures,  and  their  Strength; 
consisting  of  Formulae  and  Corresponding  Diagramfit  with  numer- 
ous details  for  practical  application,  etc.  FauHh  Edition.  12mo, 
cloth. . .,..,..., 12.50 

HUMPHREYS,  A.  C.  (Stevens  Institute),     Lecture  Notes 

on  fiome  of  the  Business  Features  of  Engineering  Practice.  Svo^ 
cloth,  with  supplement  ..,..*.-.*..-...*........,...  ndj  $1 .25 

HURST,  G,  H,,  FX-S.     Color,    A  Handbook  of  the  Theory 

of  Color.  A  practical  work  for  the  Artist,  Art  Student,  Painter, 
Dyer  and  Calico  Printer,  and  Others.  Illustrated  with  10  colored 
plates  and  72  iUustrations.     Svo,  cloth.  ...............  net,  $2. 50 

— —Dictionary    of   Chemicals    and   Raw   Products    Used 

in  the  Manufacture  of  Paints,  Colore,  Varnishes  and  Allied  Prep- 
arations,   bvo,  cloth rwi,  13 .  00 
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HURST,  G.H.y  F.C.S.    Lubricating  Oils,  Fats  and  Greases: 

Their  Origin,  Preparation,  Properties,  Usee  and  Analysis.  313 
pages,  with  65  illustrations.    8vo,  cloth neif  $3 .00 

Soaps.    A  Practical  Manual  of  the  Manufacture  of 

Domestic,  Toilet  and  other  Soaps.  Dlustrated  with  66  engrav- 
ings.    8vo,  cloth net,  $5.00 

Textile  Soaps  and  Oils:  A  Handbook  on  the  Prepara- 
tion, Properties,  and  Analysis  of  the  Soaps  and  Oils  Used  in 
Textile  Manufacturing,  Dyeing  and  Printing.  With  tables  and 
illustrations.     8vo,  cloth net,  $2.50 

HUTCHINSON,  R.  W.,  Jr.    Long  Distance  Electric  Power 

Tra^mission:  being  a  Treatise  on  the  Hydro-electric  Genera- 
tion of  Energy;  its  Transformation,  Transmission,  and  Distri- 
bution.    12mo,  cloth,  illustrated In  Press. 


-  and  IHLSENG,  M.  C.    Electricity  in  Mining;  being  a 

Theoretical  and  Practical  Treatise  on  the  Construction,  Opera- 
tion, and  Maintenance  of  Electrical  Mining  Machinery.  12mo, 
cloth,  illustrated In  Press, 

W.  B.     Patents  and  How  to  Make   Money  out   of 


Them.     12pio,  cloth $1 .26 

HUTTON,  W.  S.    Steam-boiler  Construction.    A  Practical 

Handbook  for  Engineers,  Boiler-makers  and  Steam-users.  Con- 
taining a  lar^e  collection  of  rules  and  data  relating  to  recent 
practice  in  the  design,  construction  and  working  of  ail  kinds 
of  stationary,  locomotive  and  marine  steam-boilers.  With  up- 
wards of  540  illustrations.  Fourth  Edition,  carefully  revitusd  and 
much  enlarged.    8vo,  cloth $6.00 

Practical  Engineer's  Handbook,  comprising  a  Treatise 

on  Modem  Engines  and  Boilers,  Marine,  Locomotive  and  Station- 
ary. Fourth  Edition,  carefully  revised,  with  additions.  With 
upwards  of  570  illustrations.     8vo,  cloth $7.00 

The  Works'  Manager's  Handbook  of  Modem  Rules, 

Tables  and  Data  for  Civil  and  Mechanical  Engineers,  Mill- 
wrights and  Boiler-makers,  etc.,  etc.  With  upwards  of  150  illus- 
trations. Fifth  Edition,  carefully  revised,  with  additions.  8vo, 
cloth $6.00 

INGLE,    H.    Manual    of    Agricultural    Chemistry.     8vO| 

cloth,  illustrated,  388  pages net,  $3.00 
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INIfES,    C-   H*    Problems  in   Machine    Design,     For  tlie 

use  of  Studenta,  Draught smea  and  others,  Sc€i>nd  Edition,  ISmo, 
cloth . ,  _  _ _  .  ,  w/,  $2,00 

Centniugal  Pumps,  Turbines  and  Water  Motors,  In- 
ch *ding  the  Theory  and  Practice  of  Hy drauhcs.  Fourth  and  en- 
larged edition,     12mo,  cloth net,  $2.00 

ISHERWOOD^  B,  F,     Engineering  Precedents  for  Steam 

Macliiner)'.  Arranged  ni  the  most  practical  and  useful  nianncr 
for  Engi«e«r3-  With  illustrations*  Two  volumes  in  one.  Svo, 
cloth , .  _  .  _  S2  Sr> 

JAMIESON,  A.,  C,E.  A  Text-book  on  Steam  and  Steam- 
engines-  Sjjecijally  arranged  for  tlie  n«e  of  Scif^fice  and  Art,  City 
and  Guilds  of  London  Institute,  and  other  Engineering  ^tudent«. 
Thirte^Tdh  Edition.     Illustrated,     l2mo,  cloth.  ,...__...  |3 .  00 

- — -Elementary  Manual  en  Steam  and  the  Steam-engine, 

Spefially  arranged  for  the  use  of  First-year  Science  and  Art,  City 
aad  Guilds  of  London  Lislitute,  and  other  Elementary  Engineer- 
ing Students.     Third  Edilion,     l2mo,  cloth. /  II . 50 

JANHETTAZj  E.    A  Guide  to  the  Determination  of  Rocks : 

being  an  Introduction  to  Lithologv.  Translated  from  the  French 
by  G.  W.  Plympton,  Professor  of  Physical  Science  at  Brooklyn 
Polytechnic  Institute.     12mo^  cloth |1  .SO 

JEHL,  F,t  Mem*  A.I,E,E*      The  Manufacture  of  Carbons 

for  Electric  Lighting  and  Other  Purposes*  A  Practical  Hand^ook, 
giving  a  complete  description  of  the  art  of  making  carbons,  electros, 
etc.  The  various  gas  generators  and  furnaces  used  in  carbonizing, 
with  a  plan  for  a  mo<iel  factory.  Illustrated  with  numerous  dia- 
grams, tahleflp  and  folding  plates.    8vo,  cloth,  illustrated,  net,  $4 .00 

JEIfNISOW,  F.  H.     The  Manufacture   of  Lake  Pigments 

from  Artificial  Colors.  A  useful  handbook  for  color  manufac- 
turere,  dyers,  color  chemists,  paint  manufacturers,  dryeaherB, 
wallpa|3ef-makers,  enamel  and  surface- pa  per  makers.  With  15 
plates  illust rating  the  %-ariou9  methods  and  errors  that  arise  in 
the  different  processes  of  productjoa.     8vo,  doth net,  13.00 

JEPSON,  G,     Camsj  and  the  Principles  of  their  Construe* 

tion.  With  figures,  half-tones,  full -page  and  folding  plates,  8vo, 
cloth,  illustrated. netj  $1 .  50 

JOCKIR,  WM.    Arithmetic  of  the  Gold  and  Silversmith. 

Prepuit^d  for  the  use  of  Jewelers,  Founders,  Merchant.?,  etc., 
especially  for  those  engaged  in  the  oon version  and  alloying  of 
|old  or  other  metab,  the  mixing  of  various  substances,  etc* 
Witb  numerous  examples.     12mo,  cloth |1 ,  25 
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JOHNSON,  W.  McA.    "The  Metallurgy  of  Nickel."  In  Press. 

JOHNSTON,  J.  F.  W.,  Prof.,  and  CAMERON,  Sir  Chas. 

Elements  of  Agricultural  Chemistry  and  Geology.  Seventeenth 
Edition,     12mo,  cloth. $2.60 

JONES,    H.    C.      Outlines    of    Electrochemistry.      With 

tables  and  diagrams.    4to,  cloth,  illustrated II .  50 

Electrical  Nature  of  Matter  and  Radioactivity.     i2mo, 

cloth net,  $2.00 

JONES,  M.  W.  The  Testing  and  Valuation  of  Raw  Mate- 
rials used  in  Paint  and  Color  Manufacture.     1 2mo,  cloth, .  n«t,  $2 .  00 

JOYNSON,    F.    H.    The    Metals    Used    in    Construction. 

Iron,  Steel,  Bessemer  Metal,  etc.     Dlustrated.     12mo,  cloth. . .    .76 

Designing   and   Construction    of   Machine    Gearing. 

Illustrated.     8vo,  cloth $2.00 

jijPTNER,  H.  F.  V.    Siderology:    The  Science  of  Iron. 

(The  Constitution  of  Iron  Alloys  and  Iron.)  Translated  from 
the  German.     8vo,  cloth,  345  pages,  illustrated net,  $5.00 

KANSAS    CITY   BRIDGE,    THE.    With    an   Account   of 

the  Regimen  of  the  Missouri  River  and  a  Description  of  the 
Methods  used  for  Founding  in  that  River,  by  O.  Cnanute,  Chief 
En^neer,  and  Geoi^e  Monson,  Assistant  Engineer.  Illustrated 
witn  5  lithographic  views  and  1 2  plates  of  plans.     4to,  cloth.    $6 .  00 

KAPP,   G.,   C.E.    Electric   Transmission   of  Energy   and 

its  Transformation,  Subdivision  and  Distribution.  A  practical 
liandbook.     Fourth  Edition,  revised,     12mo,  cloth $3.50 

Dynamos,  Motors,  Alternators  and  Rotary  Con- 
verters. Translated  from  the  third  German  edition,  by  Harold 
H.  Simmons,  A.M.I.E.E.  With  numerous  diagrams  and  figures. 
8vo,  cloth,  607  pages $4.00 

KEIM,   A.  W.     Prevention    of   Dampness   in   Buildings. 

With  Remarks  on  the  Causes,  Nature  and  Effects  of  Saline  Efflo- 
rescences and  Dry  Rot.  For  Architects,  Builders,  Overseers, 
Plasterers,  Painters  and  House  Owners.  Translated  from  the 
second  revised,  German  edition.  With  colored  plates  and  dia- 
grams.    8vo,  cloth,  illustrated,  115  pages net,  $2 .00 

KBLSEY,    W.    R.      Continuous-current     Dynamos    and 

Motors,  and  their  Control:  being  a  series  of  articles  reprinted 
from  The  •  Practioal  Engineer,  and  completed  by  W.  R.  Kelsey . 
W^ith  many  figures  and  diagrams.    8vo,  cloth,  illustrated.  .  .$2.50 
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KEMP,  J.  F,,  A,B,,  E.M,  (Columbia  UnlvO.    A  Handbook 

of  KockB.  For  use  without  the  nikToscope,  With  a  gkiSfetao'  of 
the  names  of  rocks  and  <:^f  other  lithoJogioMl  terms.  Third  Ed^um^ 
revised.    Svo,  clotb*  iJJuat rated.. \ $1 ,  50 

KEMPEi   H.   R.     Tlie   Electrical   Engineer's  Pocicet-book 

of  Modem  Uulea,  Formtil^,  Tables  and  Data<  Uliistmtedii 
32m(i,  morocTO,  gilt ,   f  I  .  75 

KENNEDYj  R.  Modern  Engines  and  Power  Generators. 
A  Practieal  Work  on  Prime  Movem  and  tfje  Tmnmnisdoa  of 
Power:  Steam,  Electric,  Water,  and  Hot*air*  With  tables,  fig- 
ures, and  full-page  engravings.     6  vols.     Svo,  dotb^  illustrated. 

$1500 
Single  volumes,  each. . , *  - 13.00 


—  Electrical    Installations    of    Electric    Light,   Power, 

Traction,  and  Industrial  Electrical  Machinery.     ^\  ilh  numerous 
diagrams  aad  engravings. 


-  VoL  I.     The  Electrical   Circuit,  Measurement,  Elft- 

men  t«  of  M  oto  ra ,  D  V  n  u  n IDS ,  p:]  c 1 1  r dl  vfi  i^.      S\"o ,  cl  o  tb .  ilhi& . .  IS.  50 


Vol,  U.     Instruments^  Transformers,  Installation  Wir-^ 

ing.  Switches  and  SwitchboardB,     8\'0,  cloth,  illustrated,  , . .  $3.50 

Vol,  HI.     Production    of    Electrical  Energy,  Prime 

Movers,  Genera  to  i^  and  Motors,     Svo^  clothe  iliuatrated. .  .  1^.50 

VoL  IV.     Mecbanical  Gearing;  Complete  Electric  In* 

atallationfl;  Elect rolytir\  Mining  and  Heating  Apparatus;  Electric 
Traction;  Special  Applieations  of  Electric  Motors.  8vo,  cloth, 
illustrated »  ia.5Q 

KENNEDY,  R>    VoL  V.    Apparatus  and  Machinery  used  m 

Telegraphs,  Telepliones*  Signals.  Wireless  Telegraphy  X-liaye,  and 

Medical  Science.    8vo,  cloth,  illuijtTated , , .  '.13  -  50 

Ctunplete  sete  of  the  five  volumes.  ,.,....*,.,„, $15  00 

KENNELLY,    A.    E.    Theoretical    Elements    of    Electro- 

d^'minuc  MacluTiery.    Svo,  cioih. .   $1  50 


KINGDON,   J.   A-     Applied  Magnetism,     An  Introduction 

to  the  Desigti  of  Electro  magnetic  Appai-atus.    8vo,  elotb. .  $3.00 


SCIENTIFIC  PUBLICATIONS, 

KIK2BRUHNER,  C.     Alternate  Ciirrent  WindingB;   Their 

'i'heon-  and  Couatrucimn.  A  Handl>ook  tor  StudeiHfi,  Dt^signeris, 
and  aU  PracticAl  Men*    8va,  cbth,  iltuetrated., n«f,  |l .  50 

— —  Contmuous  Current  Armatures ;   Their  WindiBg  and 

ConKfnic'ion.  A  Handbook  for  HtutlenU,  D^jgners,  and  iill 
Practical  Men.    SvOt  obth,  illusimted .  .,,..., net^  $1  50 

KIRKALDYj    W.    G,     Illustrations    of    David    Ktrkaldy*s 

S^vst^ni  of  Mechank-al  Teatinja:.  aa  t)ri^nat*!d  ^md  Carried  on  by 
hiin  during  a  Quarter  of  a  C<*Dtuj^\  Comprismg  a  Laxii:^  Selec- 
tion of  Tabulated  Kei^ulta,  showing  the  Strength  and  other  Proper^ 
tiea  of  ilAterinlH  used  in  Construction,  witb  Expl&tmtoiy  Teit 
and  HiatiiriottJ  Sketch,  Numerouf  engraving  ajid  25  litbogimphed 
pltttps.     4tc>,  cloth $10. Oa 

EIRKBRIDE,  J.    Engraving  for  Illu&trattoii :    Historical 

&nd  Prflcticftl  Notea,  with  illuitirations  and  2  platea  by  ink 
plioti*  process,     ^vcj,  cloth,  U!m*t rated. nrZ/Sl  .50 

KIRKWOOD,   J.   P.    Report   on   die   Filtration   of  River 

Waters  for  the  Supply  of  Cities,  as  praclij^-sd  in  Eiuvipe,  niade 
to  the  Board  of  W«t«r  C^muni^onei^  of  tlie  City  of  St,  Louis* 
Illustrated  by  30  duuble-pag»  enp^viu^     4lo,  doth  ,  . ,  ,   $7.50 

KLEIN,  J.   F.     Design   of    a  High-speed   Steam-engine. 

Witfi  notee,  diagramg,  fonnuHas  and  tafiles.  Second  Kdih4.m, 
revised  and  enlarged.     Svo,  cloth,  iHuatrated-      ,,**.*..  .net,  $5,00 

KLEINHAITS,  F.  B.    Boiler  Coostruction.    A  Fractical  ex- 

pJantnioti  of  the  best  modern  nit^ibodK  of  Boiler  ( on s^t ruction, 
from  the  layitif  out  of  sh«;ti  to  the  completed  Boiler.  With 
dtagrajna  and  f uU-page  engmviogs,    8vo,  cloth,  iUu«rt rated. .  $3 .  UO 

KNIGHT,   A.   M.,  lieut.-Com.    U.S.K.    Modem   Seaman- 

sliip.     llhiNtrHt^d  with   IHO  fnll*pag*>  |>hi(c«  and  dij*grftrnH.     8vo, 
cloth,  yitistrated^     Second  EdUiortf  remstd,  >*....../,.  n^,  $6.  JO 

Half  morocco.  *  * * , .  $7 ,  SO 

KNOTT,  C.  G*,  and  MACKAY,  J.  S.  Practical  Mathematics* 
With  numcroufl  ^^x&mptra,  tigurm  tmd  diagnuus.  Ntw  EdiH^n. 
8vo,  doth,  illustrated.  * * 12  00 

KOLLER,    T.    The    UtUiiation    of    Waste    Products.    A 

Trent  is**  on   the   Rational   Utilisation.   Reco^erv   and  Treat  ment 
of  Wrtjste   Prodtict«  of  all  kind*,     Tmnslatt-d   fri>m   the  Ucrmoii  ' 
aecond  retdied  edition.      With    wumeromi  diagmnia-     iivo,  cloth, 
illujtrated. ... . , . , .  *  liei,  $3, 50 
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KOLLER,  T.    Cosmetics.   A  Handbook  of  the  Manufacture^ 

Kmplovmeut  and  Testing  t>f  all  Cosmetic  Mati^rialH  and  Co&inetic 
Speciafticjs.  Translated  from  the  German  by  Chas,  Salter.  H\o* 
clotb , .  - . , , _ .ne£^  $2.50 

KRAUCHj    C,    Dr.     Testing    of    Chemical    Reagents    for 

Purity.  Authorized  traiifllation  of  the  Third  Edition,  by  J.  A. 
WilliamflOD  and  L.  W.  Dupre.  With  additiomj  und  emeiidaiiona 
by  the  author,     8vo,  cloth*  *..,..<.,,,. tw^,  14 ,  50 

LAMBERT,   T.     Lead,  and  its  Compounds.    With  tables, 

(iiiigrama  atid  folding  plates.     8vo,  cloth..  ..... net,  $3  .50 

Bone    Products    and     Manures.      An     Account     of 

the  mo&t  recetit  improvements  in  the  manufacture  of  Fat,  Glue, 
Animal  Charcoal,  Si:&e,  Gelatine  and  Manures.  With  plans  and 
diagrams.     8vO|  doth,  illustrated ..,*,-,.  nel,  $3 .  tX) 

LAMBORN,  L.  L.     Cottonseed  Products:  A  Manual  of  the 

Treatment  of  Cottonseed  for  its  Products  and  Their  I'llli^atjoxi 
in  the  Artif.  With  Tables,  figureat  full-page  plates,  and  a  large 
folding  map.     8vo,  cloth,  illustrated.  .*...........<.  ,ne(j  $3. IK) 


Modem  Soaps,  Candles,  and  Glycerin.     A   practical 

maniml  of  modern  methods  of  utilization  of  Fata  and  UiU  in  the 
manufacture  of  Soaps  and  Candles,  and  the  recovery  of  Glycerin. 
Svo,  cloth,  illustrated.  .  .... net^  17. 50 

LAMPRECHT,   R.     Recovery   Work   after   Pit   Fires,     A 

description  of  the  prii;cjpaj  methods  pursued,  especiaJly  in  fiery 
mines,  and  of  the  various  appliances  employed,  such  as  reapira- 
tory  and  rescue  apparatus,  dams,  etc.  With  folding  plates  and 
diagrams.  Translated  from  the  German  by  Charles  Salter.  8vo, 
doth,  illustrated , net,  $4 ,  00 

LARRABEE,   C.  S.     Cipher   and  Secret  Letter  and  Tele- 

praphic  Code,  with  Hog's  Improvementa.  The  most  perfect 
Secret  Code  ever  invented  or  discovered*  Impossible  to  read 
without  the  key.     18mo,  cloth,  , .60 

LASSAR-COHF,  Dr,  An  Introduction  to  Modem  Scien- 
tific ChemietrVt  in  the  form  of  jxjpular  lecturi*s  fruited  to  University 
Extension  Students  and  generftJ  readers,  Tmii^Iated  from  the 
author's  corrected  proofs  for  the  second  German  edition,  by 
H.  M.  Pattison  Muir,  M.A.     12mo,  cJoth,  illustrated. ......  12.00 
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McNeill,  B.  McNeill's  Code.  Arranged  to  meet  the 
requirements  of  liinitif ,  Metallurgical  and  Civil  Engineers,  Diieo- 
tora  of  Mining,  Smeltm^  and  other  Companies,  Bankers,  Stock 
and  Share  Brokers,  ^licitors,  Accoimtante,  Financiers  and 
General  Merchants.    Safety  and  Secrecy.    8vo,  cloth.  ...  $6.00 

McPHERSONy    J.    A.J   A.    M.    Inst    C.    E.    Waterworks 

Distribution.  A  practical  guide  to  the  la3ring  out  of  systems  of 
distributing  mains  for  the  supply  of  water  to  cities  and  towns. 
With  tables,  folding  plates  and  numerous  full-page  diagrams. 
8vo,  cloth,  illustrated $2.60 

MERRTTT,  WM.  H.  Field  Testing  for  Gold  and  Silver. 
A  Practical  Manual  for  Prospectors  and  Miners.  With  numerous 
half-tone  cuts,  figures  and  tables.  16mo,  limp  leather,  illus- 
trated   $1 .50 

METAL  TURNING.  By  a  Foreman  Pattern-maker.  Illus- 
trated with  81  engravings.     12mo,  cloth $1 .  60 

MICHELL,  S.  Mine  Drainage:  being  a  Complete  Prac- 
tical Treatise  on  Direct-acting  Underground  Steam  Pumpinff 
Machinery.  Containing  many  folding  plates,  diagrams  and 
tables.  Second  Edition^  rewritten  ana  enlarged.  Thick  8vo, 
cloth,  iUustrated $10.00 

MIERZINSKI,  S.,  Dr.  Waterproofing  of  Fabrics.  Trans- 
lated from  the  German  by  Arthur  Morris  and  Herbert  Robson. 
With  diagrams  and  hgures.     8vo,  cloth,  illustrated. . .  n«t,  $2.50 

MILLERy  E.  H.  Quantitative  Analysis  for  Mining  Engi- 
neers.    8vo,  cloth net,  $1 .  60 

MINIFIEy    W.    Mechanical    Drawing.    A    Text-book    of 

Geometrical  Drawing  for  the  use  of  Mechanics  and  Schools,  in 
which  the  Definitions  and  Rules  of  Geometry  are  familiarly  ex- 
{>lained;  the  Practical  Problems  are  arranged  from  the  most 
simple  to  the  more  complex,  and  in  their  description  technicalities 
are  avoided  as  much  as  possible.  With  illustrations  for  drawing 
Flans,  Sections,  and  Elevations  of  Railwavs  and  Machinerv;  an 
Introduction  to  Isometrical  Drawing,  ana  an  Essay  on  Linear 
Perspective  and  Shadows.  Illustrated  with  over  200  diagrams 
engraved  on  steel.  Tenth  Thousand,  revised.  With  an  Appen- 
dix on  the  Theory  and  Application  of  Colors.    8vo,  cloth. .  $4.00 

- — Geometrical    Drawing.     Abridged    from    the    octavo 

edition,  for  the  use  of  schools.  Illustrated  with  4S  steel  plates. 
Ninth  Edition.     12mo,  cloth $2.00 
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MODERIT   METEOROLOGY,     A  Series  of  Six    Lectures^ 

delivered  uiid<?r  tlw  atjspiee«  of  the  Meteorological  Society  m 
1870.     lUustrat^id.     l2mo.  doth .,,.....,.,.,......   $1  50 

MOORE,  E.  C.  S.     New  Tables  for  the  Complete  Solii- 

tioii  of  Gai^ffuillet  and  KutUT*s  Formula  for  the  f!ow  of  liquitU  in 
open  channeljs,  pipes,  sewers  and  conduits.  le  two  parts.  Part  1, 
arranged  for  HlSO  inclitxations  from  1  over  1  to  I  over  21 J20  for 
fifteen  diflferttjit  values  of  {n).  Part  II,  for  use  with  all  otber 
values  of  (n).  With  large  folding  diagram.  8vo»  cloth,  illy*^ 
trated. , , nei,  S5.00 

MOREING,  C.  A,,  and  NEAL,  T.     New  General  and  Mimng 

Telegraph  Code.  676  page».  alpha! jet u^ally  arrajiged.  For  the 
use  of  mining  eompanies,  mintiig  englneei^,  wtock  brokers,  financial 
a^nts,  and  trust  and  finance  compatiies.  Eighth  Edition,  Sxo, 
cloth , $5  00 

MOSES,  A.  J.,  and  PARSONS^  C.  L,  Elements  of  Miner- 
al opv,  Crvst allograph V  arid  Blowpipe  Analvj^is  fnim  a  Practical 
Standpoint.     Second  thoi^eand.     Svo,  cloth,  336iUiis..  mil,  $2.00 

MOSES,  A.  J.  The  Characters  of  Crystals.  An  Intro-I 
duct  ion  to  Physical  Co*fltallography,  containing  321  iUuBtmuon»™ 
and  diagrams/  Svo,  21 1  pagea ,...,..  nei^  f2 .00 

MOSSp  S.  A,     The  Lay-out  of  Corliss  Valve  Gears.     (Van 

Nostrands  Science  *S>nW,  No.  1190      16mo,  doth,  illus.  ,  .  .  ,    .3(1^ 

MTJLLIN,   J,   P.,   M,E,     Modem    Moulding   and   Pattern-" 

making.  A  Praotical  Treatise  upon  Patteni-fihop  and  Ftmndrv 
Work:  embracing  the  Moulding  of  PulleySp  Spur  Gears,  Wcirm 
Geans,  Balance-wheels,  Stationary  Engine  and  LocottiDtive 
Cylindera,  Globe  Valves,  Tool  Work,  Mihine  Machinery.  Sct^w 
l4v)peUera,  Pattern-ahop  Machinery,  and  tlie  latent  imprpv^^ 
ments  in  English  and  American  Cujxilas;  together  with  a  large 
collection  of  orijpnal  and  carefully  selected  Rules  and  Tables 
for  evcrv-day  uise  m  tlie  Drawing  Of&ce,  Pattern-shop  and  Fouudrv. 
12mo,  cloth,'  illustrated.  .»*,.. , $2 .  50!m 

MUNRO,  J,,  C,E.,  and  JAMIESON,  A.,  C,E,     A  Pocket- 

book  of  Electrical  Rules  and  Tables  for  the  use  of  Electricians 
and  Engineers.  Fift^^enth  Edi/ion,  r^nMd  and  cniarj^d.  With 
numerous  diagrams.     Pocket  aize.     Leather* i2 ,  ^ 

MURPHYj  J.  G.,  M.E.     Practical  Mining,     A  Field  Manual 

for  Mining  Engineers.  With  Hints  for  Investors  in  Mining 
Properties,     16mo,  morocco  tucks.  . $i  ,()o 
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NAQUET,  A.    Legal  Chemistry.    A  Guide  to  the  Detection 

of  PoisoDB,  Falmficatioii  of  Writings,  Adulteration  of  Alimentary 
and  Pharmaceutical  Substances,  Analysis  of  Ashes,  and  Examn 
nation  of  Hair,  Coins,  Arms  and  Stains,  as  applied  to  Chemical 
Jurisprudence,  for  the  use  of  Chemists,  Physicians,  Lawyers, 
Pharmacists  and  Experts.  Translated,  with  additions,  including 
a  list  of  books  and  memoirs  on  Toxicology,  etc.,  from  the  French, 
by  J.  P.  BattershaU,  Ph.D.,  with  a  Preface  by  C.  F.  Chandler, 
rii.D.,  M.D.,  LL.D.     12mo,  cloth $2.00 

NASMITH,    J.    The    Student's    Cotton    Spinning.    Third 

Edition^  revised  and  enlarged.  8vo,  cloth,  622  pages,  260  illus- 
trations   $3 .  00 

NEUBURGER,   H.,   and   NOALHAT,   H.    Technology  of 

Petroleum.  The  Oil  Fields  of  the  World:  their  History,  Geog- 
raphy and  Geolocy.  Annual  Production,  Prospection  and  Develop- 
ment; Oil-well  Drilling:  Transportation  of  Petroleum  by  Land 
and  Sea.  Storage  of  Petroleum.  With  153  illustrations  and  25 
plates.  Translated  from  the  French,  by  John  Geddes  Mcintosh. 
8vo,  cloth,  illustrated net,  $10.00 

NEWALL,  J.  W.    Plain  Practical  Directions  for  Drawing, 

Sizing  and .  Cutting  Bevel-gears,  showing  how  the  Teeth  may 
be  cut  in  a  Plain  Milling  Machine  or  Gear  Cutter  so  as  to  give 
them  a  correct  shap3  from  end  to  end;  and  showing  how  to  get 
out  all  particulars  for  the  Workshop  without  making  any  Draw- 
ings. Including  a  Full  Set  of  Taoles  of  Reference.  Folding 
plates.     8vo,  cloth $1 .50 

NEWLANDS,  J.    The  Carpenters'  and  Joiners'  Assistant: 

being  a  Comprehensive  Treatise  on  the  Selection,  Preparation 
and  Strength  of  Materials,  and  the  Mechanical  Principles  of 
Framing,  with  their  application  in  Carpentry,  Joinery  and 
Hand-railing;  also,  a  Complete  Treatise  on  Sines;  and  an  Illus- 
trated Glossary  of  Terms  used  in  Architecture  and  Building. 
Illustrated.     Folio,  half  morocco $15.00 

HIPHER,  F.  E.,  A.M.    Theory  of  Magnetic  Measurements, 

with  an  Appendix  on  the  Method  of  Least  Squares.  12mo, 
cloth $1 .00 

NUGENTy  E.    Treatise  on  Optics;    or,  Light  and  Sight 

Theoretically  and  Practically  Treated,  with  the  Application  to 
Fine  Art  and  Industrial  Pursuits.  With  103  illustrations.  12mo, 
cloth $1 .50 

O'CONNOR,  H.    The  Gas  Engineer's  Pocket-book.    Com* 

prising  Tables,  Notes  and  Memoranda  relating  to  the  Manu- 
facture, Distribution  and  Use  of  Coal-gas  and  the  Construction 
of  Gas-works.  Second  Edition,  revised.  12mo,  full  leather,  gilt 
edges $3.50 
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OLSEN   J,  C,  Prof;     TeKt-book  of  Quantitative   Ctiemia! 

A  naiy  si*  by  Gra  vimet  rin ,  El  ect  rol  y  t  i  c,  Vol  u  m  et  ri  c  a  ui  i  (tHSonnei  tk 
MethocU.  With  tSeventv-two  llatMjrfttory  Exercise  ipvitig  itt 
Aniilyrfi^  of  Pure  ^alte.  Alloys,  Miner»b  and  Technical  Pi^odmjtg 
With  iiuineroufl  figures  and  diagmnis.      8vo.   cloth,,  n^i.$"i,0»l 

OSBORN,  F,  C,     Tables  of  Moments  of  Inertia,  and  Squafti 

of  Uidii  of  G^Tatioii;    supplemented  by  others  on  the   ritiiiifttt 
and  Sife  vStreiijgth  of  Wrought -iron  Coluiiuus  Safe    Str^*— ti 
Timber  Btmrns,  and  C'*:)n3tftnl«  for  readily  obtauung  thi*  : 
Streaae^,    Ileiicfciona  and   Bendiug   Momenta   iii  Swio^     i 
l^rn'i,  leather.  . , , , , . , . .-*,...., i-i . WJ 

03TERBERG  M.  Synopsis  of  Current  Electrical  Litera- 
ture, i'onii>iipd  fri>m  Technical  Jotiruals  and  Magajsines  duntij5 
1595.     Hvo,  tioth , ${  (Hi 

OUDnT,  M.  A.     Standard  Polyphase  Apparatus  and  Systems. 

With  many  diagniiTm  and  figures.  Third  Edition,  fhormight^ 
revised^     Fully  illustrated. ,*..,.,.,,,...  .  ,    J3  d) 

PALAZ,  A,  Sc.D,     A  Treatise  on  Industrial  Photometry, 

with  special  application  to  Elect ricr  Lighting,  Authorijsed  tmii»* 
lation  from  the  French  by*  George  W.  PatterBon,  Jr.  S^i^nd 
Edition,  revised.     8vo,  clothe  iUufitrated,  ..,.,»,,,,♦,,,..»   $4 .  00 

PARR,  G,  D.  A<  Electrical  Engineering  Measuring  Instru- 
ments, for  Commercial  and  Laboratory  PurpuBee.  With  370 
diagraniB  and  engravinga,     Bvo,  cloth*  iUustmted.  , ,  ^  tti^,  13.50 

PARRY,  E,   J.,  B.Sc,     The   Chemistry  of  Essential    Oila 

and  Arliiicid  Perfumer.      Being  an  attempt  to  group  t<j^tber  I 
the   ujore  important  of  the  published  facta  connected    mtli   the 
Bubject^    also  giving  an  outltne  of  the  principles  involve»d  in  tlie 
preparation  and  analysis  of  Essential  Oils.     With  numeroujs  dia*  , 
grains  and  tables.     8vo>  cloth,  Ulusirated ,  mt\  $5  00  i 

and  COSTE^  J,    H,     Chemistry  of  Pigments,     With 

tables  and  figuren?*.     8vo,  cloth.  .  .  . ...  /fifl,  S4.$0 

PARRYj  L.  A.,  M,D.     The  Risks  and  Dangers    f  Various 

Occupations  and  their  Pre%^entioiL  A  book  that  should  he  La 
the  hands  of  manufacturers,  the  medical  prnfession,  sanitsiiy 
inspectors,  medical  officers  of  healthy  naanagera  of  worke>  foN'meti 
and  workmen.     Svo,  cloth. mt,  $Z  oi| 

PARSHALL,    H.    F,^    and    HOB  ART,    H,    M,     A  mattix« 

Windings  of  f'^lectric  Machines.  Wtth  140  fiill-fagt*  plitcs,  65 
tables  aiid  165  pages  of  deacriptivt^  let  ter-press,     4tc>.  "clnt  h . ,  if .  50 
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PARSHALLy  H.  P.,  and  PARRY,  E.    Electrical  Equipment 

of  Tramways In  Press 

PASSHOREy  A.  C.    Handbook  of  Technical  Terms    used 

in  Architecture  and  Building,  and  their  Allied  Trades  and  Sub- 
jects.    8vo,  cloth net,  S3. 50 

PATERSONy    D.y   F.C.S.    The   Colo*   Printing   of   Carpet 

Yams.  A  useful  manual  for  color  chemists  and  textile  printers, 
li^th  numerous  illustrations.     8vo,  cloth,  illustrated ne^,  S3 .  50 

Color  Matching  on  Textiles.   A  Manual  intended  for 

the  use  of  Dyers,  Calico  Printers  and  Textile  Color  Chemists. 
Containing  colored  frontispiece  and  9  illustrations,  and  14  dyed 
patterns  in  appendix.    8vo,  cloth,  illustrated neiy  %^ .  00 

The  Science  of  Color  Mixing.     A  Manual  intended 

for  the  use  of  Dyers,  Calico  Printers,  and  Color  Chemists.  With 
figures,  tables,  and  colored  plate.     8vo,  cloth,  illustrated,  ne^,  S3 .  00 

PATTEN,   J.     A   Plan   for   Increasing   th3   Humidity   of 

the  Arid  Region  and  the  Utilization  of  Some  of  the  Great  Rivers 
of  the  United  States  for  Power  and  other  Purposes.  A  paper 
communicated  to  the  National  Irrigation  Congress,  Ogden,  Utah, 
Sept.  12, 1903.     4to,  pamphlet,  20  pages,  with  7  maps SI .  00 

PAULDING,  C.  P.  Practical  Laws  and  Data  on  the  Con- 
densation of  Steam  in  Covered  and  Bare  Pipes;  to  which  is  added 
a  translation  of  P6clet's  "Theory  and  Experiments  on  the  Trans- 
mission of  Heat  Through  Insulating  Materials."  8vo,  cloth, 
illustrated,  102  pages net,  S2.00 

PEIRCEy     B.      System     of    Analytic    Mechanics.      4tOy 

doth SIO.OO 

PERRINEy  F.  A.  C,  A.M.,  D.Sc.  Conductors  for  Elec- 
trical Distribution:  their  Manufacture  and  Materials,  the  Calcu- 
lation of  Circuits,  Pole  Line  Construction,  Underground  Working 
and  other  Uses.     With  niunerous  diagrams  and  engravings.     8vo, 

cloth,  illustrated,  287  pages n€<,  S3 .  50 

Postage    .25 

PERRY,  J.     Applied  Mechanics.    A  Treatise  for  the  use 

of  students  who  have  time  to  work  experimental,  nxmierical  and 
graphical  exercises  illustrating  the  subject.  8vo,  cloth,  650 
i>agee net, $2.50 
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PHILLIPS,     J*     Engineer'ng     Chemistry.     A     Practical 

Treatiae  for  the  uae  of  Anaiytical  Clienuflte,  Engineers ,  Inon 
Masters,  Iron  Founders,  students  and  others.  Conrpri."?irig  nietbtxls 
of  Analysis  arid  Valuation  of  the  principal  matariak  used  in 
Engineering  works »  witii  numerous  Anmysea,  Exampl**®,  and 
Suggest  in  na  lUustnited,  Third  Edition,  rtti^  and  eniargmi, 
Svo,  cloth ,.,.........,,.,... ,  . §4.  5I> 

-Gold   Assaying.     A   Practical  Handbook   giving   tlie 

Modus  Operandi  for  the  Accurate  Assay  of  AuriferouR  Orc^i?  anj 
Bullion,  and  the  Chemical  Te^sU  rer^uired  in  the  Proeessee  of 
Extraction  by  Amal|c;aniatioM,  Cyanidution  and  Chlorination. 
With  an  appendix  of  tables  and  statistics  and  numerous  diagrams 
and  engravings.     Svo,  cloth ♦  illuat rated  .,,.-.*. net,  $2.50 

PICKWORTH,  C.  N.  The  Indicator  Handbook.  A  Prac- 
tical Manual  for  Engineeps.  Part  L  The  Indicator:  ita  Con- 
struction andApplication.     81illust rations,     1 2mo , cloth..,    $1.50 

The   Indicator   Handbook,     Part  11.    The   Indicator 

Diagram:  it;*  AiiiUyHiH  and  Calculation,  With  tables  and  figures, 
l2nio,  doth,  illustrated , * » . ,   $1 .50 

Logarithms  for  Beginners.     8vo,  boards    ,5a  h 

The  Slide  Rule.     A  Practical  Manual  of  Instruction  for 

all  Users  of  the  Modem  Type  of  Slide  Rule,  containing  Succinct 
Explanation  of  tlie  Principle  of  Slide-rule  Computation,  together 
^  with  Numerous  Rules  and  Practical  111 uat rations,  exhibiting  the 
Application  of  the  Infltrument  to  the  E\^ery-day  Work  of  the 
Engineer— Civil,  Mechanical  and  Electrical  Sevenih  Edition. 
12mo,  flexible  cbth , . .  . Si  .00 

Plane    Table,    The,     Its   Uses   in   Topographical    Survey* 

ing.      From  the    Papers  of    the    Unitetj  States    Coa^t    Sur%'ev. 

Illustrated.     8vo,  cloth _ $2 ,  60 

**This  work  gives  a  description  of  the  Plane  Table  employed  at  ^ 
the  United  States  Coast  Survey  office,  and  tlie  manner  of  using  it."  ^| 

PLANTE,    G.     The    Storage    of    Electrical    Energy,     a-rd 

Re-searches  in  the  Effects  created  by  Currents,  combining  Quan- 
tity with  High  Tension.  Tniiiiiliited  from  the  French  by  Paul 
B.  El  well.     89  illustrations,     Svo,  cloth  ....    /  S4 .00    ^ 

PLATTFER'S    Manual    of    Qualitative    and    Qtiantitative   ™ 

Analvsis  with  the  Blow-pipe.  Eighih  Edition,  rein^rd.  Translated 
by  llenry  B.  Cornwall,  E.M.,  Ph.D.,  assisted  by  John  H.  Cai^iwell, 
A.M.  From  the  pixth  German  edition,  by  Prof.  Friederich  Kol- 
beck.    With  87  woodcuts.     463  pages.     Svo,  cloth. . .  n^,  $4.00 
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1>LYMPT0N,   GEO.  W.,  Prof.    The  Aneroid  Barometer: 

its  Construction  and  Use.  Compiled  from  several  sources. 
Eighth  Edition,  revised  and  enlarged.  16mo,  boards,  illus- 
trated     10.50 

Morocco 1 .00 

POCKET   LOGARITHMS,   to   Four   Places   of   Decimals, 

including  Logarithms  of  Niunbers,  and  Logarithmic  Sines  and 
Tangents  to  Single  Minutes.  To  which  is  added  a  Table  of 
Natural  Sines,  Tangents  and  Co-tangents.     16mo,  boards 50 

POPE   F.  L.    Modem  Practice  of  the  Electric  Telegraph. 

A  Technical  Handbook  for  Electricians,  Manasers  and  Operators. 
Fifteenth  Edition,  rewritten  and  enlarged,  and  fiuly  illustrated.  8vo, 
cloth $1 .50 

POPPLEWELL,  W.  C.    Elementary  Treatise  on  Heat  and 

Heat  Engines.  Specially  adapted  for  engineers  and  students  of 
engineering.     12mo,  cloth,  illustrated $3 .00 

Prevention  of  Smoke,  combined  with  the  Economical 

ODmbustion  of  Fuel.  With  diagrams,  figures  and  tables.  8vo, 
doth,  illustrated net,  $3.60 

POWLES,  H.  H.  P.     Steam  Boilers In  Press. 

Practical  Compounding  of   Oils,  Tallow  and   Grease,  for 

Lubrication,  etc.  By  an  Expert  Oil  Refiner.    8vo,  cloth,  n^t,  S3 .  50 

Practical  Iron  Founding.      By  the  Author  of   '^  Pattern 

Making,"  etc.  Illustrated  with  over  100  engravings.  Third 
Edition.    12mo,  cloth $1.60 

PRAY,  T.,  Jr.     Twenty  Years  with  the  Indicator:   being 

a  Practical  Text-book  for  the  Engineer  or  the  Student,  with  no 
complex  Formulse.    Illustrated.    8vo,  doth 12.50 

Steam  Tables  and  Engine  Constant.    Compiled  from 

Regnault,  Rankine  and  Dixpn  directly,  making  use  of  the 
exact  records.    8vo,  cloth $2.00 

PREECE,  W.  H.    Electric  Lamps In  Press. 

and  STUBBS,  A.  T.  Manual  of  Telephony.  Illus- 
trations and  plates.     12mo,  cloth S4 .  50 

PRELINI,  C,  C.E.  Tunneling.  A  Practical  Treatise  con- 
taining 149  WorkinjR  Drawings  and  Figures.  With  additions 
by  Charles  S.  Hill.  C.E.,  Associate  Editor  "  Engineering  News." 
311  pages.    Second  Edition,  revised.    8vo,  cloth,  illus .  S3. 00 
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PRELINI,  C,  C.E.    Earth  and  Rock  Excavation .     A  Manual 

for  Engineers,  Contractors  and  Engineering  Students.  8vo, 
cloth,  illustrated.     About  350  pages. /«  Prew. 

PREMIER  CODE.     (See  Hawke,  Win,  H,)  J 

PRESCOTT,  A*  B,>  Prof.     Organic  Analysis*     A   Manual 

of  the  Descriptive  and  Artalytical  Chemtstr)^  of  certain  Carbon 
Compounds  in  Common  Use;  a  Guide  in  the  Qualitative  and 
Quantitative  Analysis  of  Oreanic  Materials  in  Oommercial  and 
Pharmaceutical  Assays,  in  the  estlrnatioa  of  Impurities  unJer 
Authorized  Standards,  and  in  Fon^nKic  Examinations  for  Poisons^ 
with  Directions  for  Elementary  Organic  Analvsia.  Ftfih  Sdt- 
Hon.     8vo,  cloth ,     $5.00 

— ~  Outlines    of    Proximate    Organic    Analysis^    for    the 

Identification,  Separation  and  Quantitati\t'  Dctenrjinaticin  of 
the  more  commonly  occurring  Organic  CompouBda.  Fcmik 
Edition,     l2rno,  clotfi fl  .75 


and  SXJLLIVArr,  E-  C.  (University  of  Michigan),     First 

Book  in  Qualitative  Chemij?try.     For  Studies  of  Water  Sduti* 
and    Mass   Action.      Twelfth  Edition,  entiTely   retiHUt^n.      1 
cloth tut,  $1 . 


and  JOHNSON^  O.  C,    Qualitative  Chemical  Analysis. 

A  Guide  in  the  Practical  Study  of  Chejiiistry  and  in  the  Work  of 
.^nalypis.  Fifth  revised  and  enlarged  edit^n,  enHrely  re^frifitn. 
With  Descriptive  Chemistry  extended  throughout .....  ncA  ^.5Q 

PRITCHARD,  0.  G.      The  Manufacttire  of  Electric-light 

Carbons.     Illustrated.     8va,  paper 60 

PXJLLEWj   W,    W*   F.    Application    of   Grapiiic   Methods 

to  the  Design  of  Structures.  Specially  prepared  for  the  use  of 
Engineers.  A  Treatment  by  Graphic  Methods  of  the  Forces 
and  Principles  necessary  for  conaideration  in  the  Deaign  ^f  Eu- 
ffineering  StruciUres,  Roofe,  Bridges,  Trusses,  Framed  Stru,>turea^ 
Wells,  Dams,  Chimney s^  and  M^nty  Structures,  12ino,  cloth, 
profusely  slJustrated . .  . .  .  ii«l«  $2  50 

PULSIFER,  W,  H.     Notes  for  a  History  of  Lead,     8vo, 

t  loth,  gilt  top .     14  .00 

PUTSCH,  A,     Gas  and  Coal-dust  Firing.    A  Critical  Review 

of  the  Various  Appliances  Patau  ted  in  Germany  for  this  purpci«* 
since  1H85.  Witn  diagrams  and  figures.  Translated  from  the 
German  by  Charles  Sdter.     SvOp  cloth ,  illustrated. , . .  ne(,  $3  00 
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PYNCHONy  T  R.9  Prof.    In'.roduction  to  Chemical  Physics, 

designed  for  the  use  of  Academies,  Colleges  and  High  Schools. 
Illustrated  with  numerous  engravings,  and  containing  copious 
experiments,  with  directions  for  preparing  them.  New  Edition, 
revised  and  enlarged,  and  illustrated  by  269  wood  engravings,  Hvo, 
cloth $3.00 

RADFORD,  C.  S.,  Li  ut.  Handbcok  en  Naval  Gunnery. 
Prepared  by  Authority  of  the  Navy  Department.  For  the  use 
of  U.  S.  Navy,  U.  S.  Marine  Corps,  ana  U.  S.  Naval  Reserves. 
Revised  and  enlarged,  with  the  assistance  of  Stokely  Moi^an, 
Lieut.  U.  S.  N.  Third  Edition,  revised  and  enlarged.  12mo, 
flexible  leather $2.00 

RAFTER,  G.  W.  Treatment  of  Septic  Sewage  {Van 
No8trand^8  Science  Series,  No.  118).     16mo,  cloth 60 

Tables  for  Sewerage  and  Hydraulic  Engineers.  In  Press, 

and  BAEERy  M.  N.    Sewage  Disposal  in  the  United 

States.  Illustrations  and  folding  plates.  Third  Edition.  8vo, 
cloth $6.00 

RAM,  G.  S.  The  Incandescent  Lamp  and  its  Manufac- 
ture.   Svo,  cloth $3.00 

RAMP,  H.  M.     Foundry  Practice In  Press^ 

RANDALL,  J.  E.  A  Practical  Treatise  on  the  Incan- 
descent Lamp.     16mo,  cloth,  illustrated 50 

RANDALL,   P.   M.    Quartz   Operator's   Handbook.     New 

EdiUon,  revised  and  enlarged,  fuUy  illustrated.     12mo,  cloth,  $2.00 

RANDAU,  P.    Enamels  and  Enamelling.    An  introduction 

to  the  preparation  and  application  of  all  kinds  of  enamels  for 
technical  and  artistic  purjioses.  For  enamel-makers,  workers 
in  gold  and  silver,  and  manufacturers  of  objects  of  art.  Third 
Geman  Edition.  Translated  by  Charles  Salter.  With  figures, 
diagrams  and  tables.     Svo,  cloth,  illustrated ne^,  $4.00 

RANKINEy   W.    J.    M.    Applied   Mechanics.     Comprising 

the  Principles  of  Statics  and  Cinematics,  and  Theory  of  Struc- 
tures, Mechanism,  and  Machines.  With  numerous  diagrams. 
Seventeenth  Edition,  thoroughly  revised  by  W.  J.  Millar.  Svo, 
doth $5.00 

Civil  Engineering.  Comprising  Engineering  Sur- 
veys, Earthwork,  Foundations,  Masonry,  Carpentry,  Metal- 
work,  Roads,  Railways,  Canals,  Rivers,  Water- works.  Harbors, 
etc.  With  numerous  tables  and  illustrations.  Twenty-first 
Edition,  thoroughly  revised  by  W.  J.  Millar.    Svo,  cloth $6. 60 
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RANKINE    W,  J.  M.     Machinery  and  MiUwork.      Com* 

prising  the  Geometrj-,  Motions.  Work,  Strength,  Const  met  ion,  and 
Objects  of  Machiues,  etc.  lOufltrated  with  neariv  300  woodcuts. 
Sevenih  Editwn,  thoroughlv  revised  by  W*  J.  Millar,  hvo, 
eloth ...J ,  ,  ,    $5  00 


The  steam-engine  and  Other  Prime  Movers.     With 

diagram  of  the  Mechanical  Properties  of  Steani.  Folding  plates, 
namerous  tables  and  illustrations.  FifteetUk  Editwn,  thor- 
oughly revised  by  W.  J.  Millar,     8vo,  cloth. ,.,.,,.,,,,,    S5.cio 

Useful  Rules  and  Tables  for  Engineers  and  Others. 

With  Appendix,  Tables,  Test^  and  Fonnula-  for  the  use  of  EJec- 
trical  Engmee^rs.  Comprising  Subniarine  Elt*ctrical  Engineering 
Electric  LiffViting  and  Transmission  of  Power.  By  Andrew 
Jamieson,  C.E.,  F.R.S^E.  SeveiUh  Edition^  thoroughly  reviaed 
by  W.  J.  Millar.     8vo,  cloth , .   $4 . 00 

and  BAMBER^  E.  F.,  C.E.     A  Mechanical  Text-book, 

With  numerous  iJIust rations.     Fifth  Edition.    8vo,  cloth .  .    f3 .  50 

RAPHAEL,    F.    C-     Localization    of    Faults    in    Electric 

Li^ht  and  Power  Mains,  with  chapters  on   Insulation   Testing 
With    figures    and    diagrams.    Stcond    Edition,    renmd.     h\o*M 
cloth,  illustrated nei,$ZJ)OfU 

RAYMOND,  E.  B.  Alternating-current  Engineering  Prac- 
tically Treated.  With  numerous  diagrams  and  figures.  l2inOj 
cloth _  .   nei,  $2,50 

RAYNER,  H,     Silk  Throwing   and  Waste  Silk  Spinning. 

With   numerous  diagranis  and  figxu^s,     Svo,   cloth,   illustrated, 

net,  $2  50 

RECIPES    for  the  Color^  Paint,  Varnish,  Oil,  Soap  and 

Dr>'fmlter>'  Trades.  Compiled  by  an  Analytical  Chemist.  Svo^ 
cloth. . . , , $3-50 

RECIPES  FOR    FLmT  GLASS  MAKING.     Being  Leaves 

fonn  the  mixing-book  of  several  experts  in  the  Flint  Glass  Trade, 
Containing  up-to-date  recipes  and  valuable  jiifomiation  as  to 
Crystal p  Demi-crystal,  and  Colored  Glass  in  its  many  varieties. 
It  'contains  the  recipes  for  cheap  metal  suited  to  pressing,  blowing, 
etc.,  as  well  as  the  most  costly  Crystal  and  Rub  v.  British  inauu- 
faeturere  have  kept  up  the  quality  of  this  glaj3S  from  the  arrival  of 
the  Venetians  to  Hungry  Hill,  Stourbridge,  up  to  the  present 
time.  The  book  also  contains  remarks  as  to  the  result  of  the 
metal  as  it  left  the  pots  by  the  respective  metal  mixers,  taken 
frtnn  their  own  memomnda  upon  tne  originals.  Compiled  by 
a  Britbh  Glass  Master  and  Mixer.     12mo,  doth ,    fie^^  S4  .£€ 
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REED'S  ENGINEERS'  HANDBOOK,  to  the  Local  Marine 

Board  Examinations  for  Certificates  of  Competency  as  First  and 
Second  Class  Engineers.  By  W.  H.  Thorn.  With  the  answers 
to  the  Elementary  Questions.  Blnstrated  by  353  diagrams 
and  37  large  plates.  SevenUerUh  Edition,  revised  and  ef£irged, 
8vo,  cloth $6.00 

Key  to  the  Seventeenth  Edition  of  Reed's  Engineer's 

Handbook  to  the  Board  of  Trade  Examination  for  First  and 
Second  Class  En^^eers  and  containing  the  workings  of  all  the 
questions  given  m  the  examination  papers.  By  W .  H.  Thorn. 
8vo,  cloth 13.00 

Useful  Hints  to    Sea-going  Engineers,  and  How  to 

Repur  and  Avoid  ''Breakdowns":   also  Appendices  containing 

Bouer   Explosions.   Useful    Formulse,    etc.    With   42    diagrams 

•    and    8    plates.     Third    Edition^    revised    and   enlarged.     12mo, 

cloth $  1 .  60 

Marine  Boilers.  A  Treatise  on  the  Causes  and  Pre- 
vention of  their  Priming,  with  Remarks  on  their  General  Manage- 
ment.    12mo,  cloth,  illustrated $2.00 

REINHARDT,  C.  W.  Lettering  for  Draftsmen,  Engineers, 
and  Students.  A  Practical  System  of  Free-hand  Lettering  for 
Working  Drawings.  Revised  and  enlarged  edition.  Thirteenth 
Thousand.    Oblong,  boards $1 .00 

The   Technic   of   Mechanical   Drafting.    A  Practical 

guide  to  neat,  correct  and  legible  drawing,  containing  many  illus- 
trations, diagrams  and  full-page  plates.     4to,  cloth,  ilhis. . .  $1 .  00 

REISER,  F.    Hardening  and  Tempering  of  Steel,  in  Theory 

and  Practice.  Translated  from  the  German  of  the  third  and 
enlarged  edition,  by  Arthur  Morris  and  Herbert  Robson.  8vo, 
cloth,  120  pages $2.60 

REISER,  N.    Faults  in  the  Manufacture  of  Woolen  Goods, 

and  their  Prevention.  Translated  from  the  second  Oerman 
edition,  by  Arthur  Morris  and  Herbert  Robson.  8vo,  cloth, 
illustrated n«/,  $2.60 

Spinning    and   Weaving    Calculations    with    special 

reference  to  Woolen  Fabrics.  Translated  from  the  German  by 
Chas.  Salter     8vo,  doth,  illustrated net,  $5.00 

RICE,  J.  M.,  and  JOHNSON,  W.  W.    On  a  New  Method 

of  Obtaining  the  Dififerential  of  Functions,  with  especial  refer* 
ence  to  the  Newtonian  Conception  of  Rates  or  Velocities.  12mo, 
paper 60 
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WDEALj  S.,  D,Sc,     Glue   and  Glue  Testing,  with 

^ntl  tfibles,     8vo,  ck»tli,  illufltraled nei,! 

RING  WALT,  J.  L-  Development  of  Transportaticn  Sys- 
tems in  the  IJnited  States,  comprising  a  Conipr^hensive  Desrrij> 
Hon  of  the  leadiiii;  fpatures  of  actvaiicenient  from  the  ccilonial 
era  to  the  present  time,  in  water  channc^U,  roads,  turapikeff, 
caimls,  railways,  yeiisela,  vehicli^s,  ran?,  and  loi-onititives;  the 
cost  of  transportation  at  various  periods  and  places  by  the  diffi 
ent  methods;  the  finaiioial,  enKineering,  mechjmic&J,  govei 
mental  and  popular  ciuestjons  tliat  have  arisen,  and  nota! 
incidents  in  railway  history,  construction  aiid  operation*  W 
yi nitrations  of  hundreds  of  typical  objects.  Quarto,  half 
rocco.  .  ,  . $7  *  50 

RIPPER,  W,    A  Cotirse  of  Instruction  in  Machine  Drawing 

and  Design  for  Teclmical  Schools  and  Engineer  Students.  With 
B2  plates  and  numerous  explanatory  engravings.     Folio,   clotfi, 

ROBERTSON,    L.    S.    Water-tube    Boilers.    Based    on   a 

ehort  t'uurse  of  Lectures  delivered  at  University  CoUege,  London. 
Witir  upward  of  170  illustrationa  and  diagrams.  8vo,  cloth, 
Ulust  rated.  . $3 .00 

ROEBLING,  J*  A.     Long  and  Short  Span  Railway  Bridges, 

IlluHtrated  with  la^e  copper-plate  engravings  of  plans  and  view^ 
Iniperial  folio,  cloth ....,,.,. $25  qq 

ROSE,  J.J  M.E     Th^  Pattern-makers*  Assistant.      Embi^c 

ing  Latlic  Work,  Branch  Work,  Core  Wurk,  Bweep  Work  anj 
Pmctical  Ciear  Constructions,  the  Preparation  and  Use  of  Tooir' 
together  with  a  large  collection  of  useful  and  valuable  Table 
NiTiih  Editwn.     With  250  engraxings.     Svo,  cloth. %2  I 

Key   to   Engines   and   Engine-running.     A   Practical 

Treatise  upon  the  Management  of  Steam-engines  and  Boilers  for 
the  use  of  those  who  desire  to  pass  an  examination  to  take 
charge  of  an  engine  or  boiler.  With  numerous  illustrations, 
and  Instnictions  upon  Engineers'  Calculations,  Indicators, 
Diagrams,  Engine  Adjustments  and  other  Valuable  Information 
necessary  for  Engineer  and  Firemen.    12nio,  cloth.    lUus,  .   $2.50 

ROWAN,    F,   J.     The    Practical   Physics    of   the    Modem 

Steani-boiler,  Wltli  an  Introduction  by  Prof.  R.  H.  Thurston. 
With  numerous  illust rations  and  diagrama.  Svo^  doth^  lUut^ 
Irated ^ * ,     $7.50 

SABINE,  R-  History  and  Progress  of  the  Electric  Tele- 
graph. With  descriptions  of  some  of  the  apparatus.  Second 
EdUioTit  ^'ifh  additi&tu.     12mt>,  cloth- $1   25 
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SAELTZERy    A.    Treatise    on    Acoustics    in    Connection 

with  Ventilation.     12mo,  cloth $1 .00 

SALOMONS,    Sir    D.,    MJL.      Electric-Ught    Installations. 

A  Practical  Handbook.  Eighth  Edition,  revised  and  enlarged, 
with  numerotia  inttatratians.  Vol.  I.,  The  Management  of  Accu- 
mulators.    12mo,  cloth $1 .  50 

Vol.  II.,  Apparatus.    296  illustrations.     12mo,  cloth $2.25 

Vol.  III.,  Applications.     12mo,  cloth $1 .  50 

SANFORD,  P.  G.    Nitro-ezplosives.    A  Practical  Treatise 

concerning  the  Properties,  Manufacture  and  Analysis  of  Nitrated 
Substances,  includmg  the  Fulminates,  Smokeless  Powders  and 
Celluloid.    8vo,  cloth,  270  pages $3.00 

SAUNDERS,    C.    H.    Handbook   of   Practical   Mechanics 

for  use  in  the  Shop  and  Draughting-room;  containing  Tables, 
Rules  and  FormulsB,  and  Solutions  of  Practical  Problems  by- 
Simple  and  Quick  Methods.     16mo,  limp  cloth $1 .  00 

SAUNNIERy  C.     Watchmaker's  Hani  book.    A  Workshop 

Companion  for  those  ensaged  in  Watchmaking  and  allied  Mechan- 
ical Arts.  Translated  oy  J.  Tripplin  and  E.  Rigg.  Second  Edi- 
tion, revised,  with  appendix,     12mo,  cloth $3 .  50 

SCHELLEN,  H.,  Dr.  Magneto-electric  and  Dynamo- 
electric  Machines:  their  Construction  and  Practical  Application 
to  Electric  Lighting,  and  the  Transmission  of  Power.  Trans- 
lated from  the  third  German  edition  by  N.  S.  Keith  and  Percy 
Neymann,  Ph.D.  With  very  large  adcutions  and  notes  relating 
to  American  Machines,  by  N.  S.  Keith.  Vol.  1,  with  363  illus- 
trations.   Second  Edition.    8vo,  cloth $5.00 

SCHUMANN,  F.    A  Manual  of  Heating  and  Ventilation 

in  its  Practical  Application,  for  the  use  of  Engineers  and  Archi- 
tects. Embracing  a  Series  of  Tables  and  Formula  for  Dimensions 
of  Heating,  Flow  and  Return  Pipes  for  Steam  and  Hot-water 
Boilers,  Flues,  etc.     12mo,  illustrated,  full  roan $1 .50 

SCHMALLy  C.  N.,  and  SHACK,  S.  M.    Elements  of  Plane 

Geometry.  An  Elementary  Treatise.  With  many  examples  and 
diagrams.     12mo,  half  leather,  illustrated net,  $1 .  25 

SCDSNCE  SERIES,  The  Van  Nostrand.     (Follows  end  of 

this  list.) 
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SCRIBNER,    J,    M.     Engineers^    and    Mechanics*     Com- 

pnion.  Coip  prising  UnitCKl  8tat<-ft  Weights  and  McsLSura 
Mensuration  of  Superfioes  arid  Solids*  TaKie**  of  Squ&rea  &&d 
CubRa,  Square  and  Cul>e  Roote*  Circumference  and  Ar^s  of 
Circles »  the  Meebanieal  Powers,  Centres  of  Gravitv^  Grmvitfttiitt 
of  Bodies,  Pendulorus,  Specific  Gmvity  of  Bcwfie©,  Stntn^, 
Weight  and  Crush  of  Materials,  Water-wheels.  Hydro^Ailcs, 
H%*draulit'3,  Statics,  Centpra  of  Percusi^ion  and  Gyration,  Friction 
Heat,  Tables  of  the  Weight  of  Metals,  ScantlW,  etc.,  Steam 
and  Steam-engine.  TweTUy-firxt  Editi&n^  reviaed.  IGtno,  full 
morocco. .........,....,*,►..,.,...      f  1 .  50 

SEATON,  A,  E,  A  Manual  of  Marine  Engineering.  Com- 
prising the  Designing,  CJonstruction  and  Working  of  Marine 
Machiner}',  With  numerous  tal>lea  and  illustrations  rcHiiiced  from 
Working  Dni wings,  1 4th  Ediiimi,  rev^ised  throughout,  with  an 
additional  chapter  on  Watet^tube  Boilers.     Svo,  cloth,  .  _  ,   9GM 

and    ROUNTHWAITE,    H-     M,      A    Pocketbook    of 

Marine  Engineering  Rules  and  Tables.      For   the    use  of  Marine 
Engineers    and     Xtival     Architeets,     Dtwigners,     Draught^smt 
Superintend enta  and  all  engaged   in   the  design  and  crm.stnjcti 
of  Marine   .Machinery,   Naval  and   Mercantile.     Seventh    Ediitu 
rv  vis^d  a  nd  eniarged.  "  Pocket  sue .     L  ea  ther,  w  ith  diagrams .    $3 . 

SEELIGMAim,  T.,  TORRILHON,  G.  L,,  and  FALCONNE 

H,  fndia  Rubber  and  Gutta  Percha.  A  eomph^te  prHcticai 
treatise  on  India  Rubber  and  Gutta  Percha,  m  their  historical, 
botanical,  arbori cultural,  mechanical,  chemical  and  elect rirml 
aspects.  Translated  from  the  French,  by  John  Geddes  Mel  n tot 
8\  o,  cloth,  illustrated,  412  pages- ,  net,  S7 . 

SEVER,   G.   F,,   Prof,       Electrical    Engineering      Exper 

merits  and  Test^  on    Direct-eurrfTit  Machinerjv      With  diaio^ 
and  figtires,     8vo  pamphlet,  illustrated net,  f  1 

and  TOWlffSEND,  F.    Laboratory  and  Factory  Tests 

in  Electrical  Engineering.  Svo,  doth,  illustrated,  tibout  225 
pages. . ,  .   In  Prt^*. 

SEW  ALL,  C.  H.    Wireless  Telegraphy.     With    diagrams 

and  engravings.  Secoiui  Edition,  torT^i€d.  Svo,  cloth,  illus- 
trated.  ne£,  i2,[l0 

— —  Lessons    in   Telegraphy.     For   use    as   a    tej:t-bo<A 

in  schools  and  colleges*,  or  for  individual  stmlenta.  Illustrated 
l2mo,  cloth. .......   $1.1^ 

SEWELL,    T.     Elements    of    Electrical    Engineering.      j| 

Firat  Year^ii  Course  for  Students.  Stcomt  Edition,  revised,  with 
additional  chapters  on  Altemating-cuirent  Working  and  Ap- 
pendix of  Questions  and  Answers.  With  many  diagimins,  tables 
and  examples.     Rvo,  cloth,  illustrated,  432  pages net^  f3  00 
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SEXTON,   A.   H.    Fuel   and   Refractory  Materials.    Svo, 

doth $2.00 

— —  Chemistry  of  the  Materials  of  Engineering.  A  Hand- 
book for  Engineering  Students.  With  tables,  diagrams  and 
illustrations.     12mo,  doth,  illustrated $2 .  50 

SEYMOUR,  A.    Practical  Lithography.    With  figures  and 

engravings.     8vo,  doth,  illustrated net,  $2.50 

SHAW,  S.  The  History  of  the  Staffordshire  Potteries,  and 
the  Rise  and  Progress  of  the  Manufacture  of  Pottery  and  Por- 
celain; with  references  to  genuine  specimens,  and  notices  of 
eminent  potters.  A  re-issue  of  the  original  work  published  in 
1829.     8vo,  cloth,  illustrated nc^  $3.00 

Chemistry    of    the    Several    Natural    and    Artificial 

Heterogeneous  Compounds  used  in  Manufacturing  Porcdain, 
Glass  and  Pottery.  Re-issued  in  its  original  form,  published  in 
1837.     8vo,  cloth ne^,  $5.00 

SHAW,    WM.    J.,    Lieut-Col.    Studies   in   Map    Reading 

and  Field  Sketching.  An  aid  to  passing  outdoor  examinations  in 
these  subjects.  Illustrated  with  15  folding  plates.  12mo,  cloth, 
illustrated,  148  pages net,  $2.50 

Tactical  Operations  for  Field  Officers:  being  Up-to- 
date  schemes  worked  out  on  training  grounds  at  home  stations. 
With  folding  plates  and  maps.  12mo,  cloth,  illustrated,  321. 
pages $3.00 

SHELDON,  S.,  Ph.D.,  and  MASON,  H.,  B.S.  Dynamo- 
electric  Machinery:  its  Construction,  Design  and  Operation. 
Direct-current  Machines.  Fourth  Edition,  revised.  Svo,  cloth, 
illustrated nei,  $2 .  50 

Alternating-current    Machines:     being    the    second 

volume  of  the  author's  "Dynamo-electric  Machinery:  its  Construc- 
tion, Design  and  Operation. "  With  many  diagrams  and  figures. 
(Binding  uniform  with  volume  I.)  Third  Edition.  8vo,  cloth, 
illustrated net,  $2.50 

SHERRIFF,  F.  F.     Oil  Merchants'  Manual,  and  Oil  Trade 

Ready  Reckoner.  With  two  sheets  of  tables.  Second  Edition, 
revised  and  enlarged.    Svo,  cloth net,  $3.50 

SHIELDS,  J.  £.  Notes  on  Engineering  Construction. 
Embracing  Discussions  of  the  Principles  involved,  and  Descrip- 
tions of  the  Material  employed  in  Tunneling,  Bridging,  Canal  and 
Road  Building,  etc    12mo,  doth $1 .50 


48 


D.  \^AK  N06TRAKD  OOMPAffFS 


SHOCK,  W,  H,     Steam  Boilers:    their  Design,    Construc- 

.  tion  and  Management.     4to,  half  morocco. $15.00 

SHREVE,  S.  H.  A  Treatise  on  the  Strength  of  Bridgej 
and  Roofs.  Comprising  the  deterBiinatlon  of  alp;ebraic  fonniiki 
for  strains  in  Horizontal,  Inclined  or  Rafter,  Tnangular^  B&w, 
string,  Lenticular  and  other  TruijdeJi,  from  fixed  and  moving  loads- 
wit  hpracticat  applications  and  examples,  for  the  use  of  Btiideiitt 
and  Engineers.  87  woodcut  illustrations.  F&urth  EdUmn^  gvo, 
doth.  . . , , S3. SO 

SHuNK^   W.    F.     The    Field   Engineer.     A    Handy    Book 

of  practice  in  tbc:  S^r^'e_\%  Location  and  Truck- work  of  RaiItxJt^ds^, 
containing  a  large  collection  of  Rules  and  Tables,  original  and 
aek^cted,  applicable  to  both  the  Standard  and  Narrow  Gauge^ 
and  prepared  with  special  reference  to  the  wanti?  of  the  youDf 
Engineer.  Si^^tennth  Edttimi^  ra^wed  ami  etUarged,  Witt 
addenda.     l2mo,  morocco,  tucka.  .  , , * ,   12, 50 

SIMMS,  F.  W,     A  Treatise  on  the  Principles  and  Practice 

of  Leveling.  J^howing  its  appUcatiori  to  purpot^es  of  RaiJway 
Engine*?ring,  and  the  (instruction  of  Roada,  etc.  Re  vised  and 
corrected,  with  the  addition  of  Mr.  Laws'  Prac?tical  Exunipjes  for 
Betting  out  Railway  Cyn'ss.     Illustrated.     8vo,  cloth 12.50 

— — Practical   Tuimeling,     Fourth   Edition,    Revised    and 

greatly  extended.  ^Vith  additiomd  chapters  illust rating  recent 
jiractice  by  D.  Kinncar  Clark,     With  36  plates  and  other  ill u^tnv- 

tions.     Imperial  Svo,  cloth. §12  DO 

SIMPSON,   G.     The   Naval  Constructor,     A  Vade   Mecum 

of  Ship  Desii?n,for  Students,  Naval  Architects,  Ship  Builders  and 
Owners,  Marine  Superintendents,  Enginccra  and  Draughtsmen. 
12mo,  morocco,  illuatrated,  500  pages,  ,,.... S5.00 

SLATER,    J,    W.    Sewage     Treatment,   Purificatioii    and 

irtilijsation.  A  Practical  Manual  for  the  Vm  of  (brporalionn. 
Local  Boards,  Medical  Officers  of  Health,  Inspector  of  Nuiaano^, 
Chemists p  Manufacturers,  Riparian  Owners,  Engincsers  and  Hate- 
payers.     12mo,  cloth > .,.,,,... ,   ^,2S 

SMITH»  I.  W,,  C.E      The  Theory  of  Defle:tions  and  ol 

Latitudes  and  Departures.  With  ipecial  applications  to  Cuni- 
linear  Surveys,  for  Alignments  of  Railway  Tracks.  Ilhistratad. 
16mo,  morocco,  tucks .......,, , .    $3 .00 

SMITH,  J.  C.     Manufacture  of  Paint.    A  Practical  Hand* 

book  for  Paint  Manufacturers,  MerchantH  anrl  Pfi inters  WtUi 
60  illustrations  and  one  large  diagram.     Svo,  cloth*, « » ■tlilL  t8«fl 
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REISER,  N.    Faults  in  the  Manufacture  of  Woolen  Goods, 

and  their  Prevention.  Translated  from  the  second  German 
ediHan,  by  Arthur  Morris  and  Herbert  Robson.  8vo,  cloth, 
illustrated nei^  $2 .  50 

Spinning   and   Weaving   Calculations   with   Special 

reference  to  Woolen  Fabrics.  Translated  from  the  German  by 
Chas.  Salter.    8vo,  cloth  illustrated net,  $5.00 

RICE,  J.  M.,  and  JOHNSON,  W.  W.    On  a  New  Method 

of  Obtaining  the  Differential  of  Functions,  with  esf^ecial  refer- 
ence to  the  Newtonian  Conception  of  Rates  or  Velocities.  12mo, 
paper $0.50 

RIDEALy  S.y  D.Sc.      Glue  and  Glue  Testing,  with  figures 

and  tables.     8vo,  cloth,  illustrated net,  $4.00 

RIPPERy  W.    A  Course  of  Instruction  in  Machine  Drawing 

and  Design  for  Technical  Schools  and  Engineer  Students.  With 
52  plates  and  numerous  explanatory  engravings.    Folio,  cloth, 

net,  $6.00 

ROBERTSON,   L.   S.    Water-tube   Boilers.    Based   on   a 

short  course  of  Lectures  delivered  at  University  College,  London. 
With  upward  of  170  illustrations  and  diagrams.  8vo,  cloth, 
illustrated $3.00 

ROBINSON,  S.  W.    Practical  Treatise  on  the  Teeth  of 

Wheels,  with  the  theory  and  the  use  of  Robinson's  Odontograph. 
Third  EdUian,  revised,  with  additions.  16mo,  cloth,  illustrated. 
(Van  Nostrand's  Science  Series.) $0.50 

ROEBLINGy  J.  A.    Long  and  Short  Span  Railway  Bridges. 

Illustrated  with  large  copper-plate  engravings  of  plans  and  views. 
Imperial  folio,  cloth $25.00 

ROLLINS,   W.    Notes   on   X-Light.    With    152   full-page 

plates.     8vo,  cloth,  illustrated net,  $7 .  50 

ROSE,  J.y  M.E.  The  Pattern-makers'  Assistant.  Embrac- 
ing Lathe  Work,  Branch  Work,  Ck)re  Work,  Sweep  Work  and 
Practical  Gear  Constructions,  the  Preparation  and  Use  of  Tools, 
together  with  a  large  collection  of  useful  and  valuable  Tables. 
Ninth  Edition,    With  250  engravings.    8vo, cloth $2.50 
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ROSE,  J.,  M.E.    Key  to  Engines  and  Engine- running,     A 

Pmctical  Treatise  ufwn  the  Miina^emcnt  ot  Steam-engines  and 
Boilers  for  the  use  of  those  who  desire  to  pass  an  examinatton  to 
lake  charge  of  an  engiTie  or  boiler  With  nunien:>ua  illtL«itrationgt, 
and  Instructions  upon  Engineers'  CalenlationSi  ludieatons. 
DiagrarnH:  Engine  Adjustments  and  other  Valuable  Infommtion 
necessary  for  Enfineere  and  Firemen     l2mii  cloth     Iltus.  .   $2  50 

ROWAN,    F.    J^     The    Practical    Physics    of   the   Modem 

Steam-boiler  With  an  Introduction  by  Prof  R,  H  Thurston 
With   nujneroue   illustrations   and    diagrami*     8vo    cloth,    illua- 

trated _.,.,.,... . .     $7  50 

SABINE,  R.  History  and  Progress  of  the  Electric  Tele- 
graph. With  descriptions  of  si>me  of  the  apparatUij  Second 
Edition,  ttfUh  additions      V2mo  cloth       .  .  .,,,,.....   Si  2S 

SAELTZER,    A.     Treatise    on    Acousttcs    in    Connectioii 

with  Ventilation      Tlmo  cloth  . $1 .00 

SALOMONS,    Sir    D.,    MA.      Electric-llglit    Installationfi* 

A  Practical  Handbook  With  numerous  illustrations,  VoL  I., 
The  Maoagement  of  Accum\ilnfora.     NitUh  EdUion,  revised  and 

mostlif  rcuTiiien.      1 2ino  cloth .  , Si .  50 

VoL  IL    Sn^enih  EdiHmi,    remsed  and  eniurged.    Apparatus.  296 

UlustratioDs.     12mo,  cloth. ....      .  . ,    . . S2.2& 

VoL  111,    Seventh  Edition    revised  and  enlarged.     Applicationa. 

12mo,  cloth. . , . . , . , ,   . II  50 

SANFORD,  P,  G,    Nitro-explosiTes.    A  Practical  Treatise 

concemirig  the  Properties,  Manufftcture  ajid  Analysis  of  Nitrated 
Substances (  incLndmg  the  Fulminates.  Smokeless  Powders  and 
Celluloid.     Svo,  cloth,  270  pages. . .    $3.00 

SAUNDERS,    C     H.     Handbook    of    Practical    Meclmnlcs 

for  use  in  the  Shop  and  Draughting* room;  crmtaininc  Tables, 
Rules  and  Formuhe,  and  Solutions  of  Practical  Problems  by 
Simple  and  Quick  Methods,      IfJmo,  limp  cloth ,  $1 .00 

SAUNNIER,  C.     Watchmaker's  Handbook.     A  Workshop 

Compatiion  (or  those  eni^ai^ed  in  Watclnuaking  and  allied  Mechan- 
ical ArU.  Translated  by  J*  TrippJin  and  E.  Kigg.  Second  Edi- 
lum,  revised ,  -uMh  apjfeftdix,     12mo,  cloth.  **..*,...._,,,   $3.50 

SCHELLEN,  H.,  Dr.  Magneto-electric  and  Dynamo- 
electric  Machines:  their  Conistrurtion  and  Practical  Application 
to  Electric  Lighting,  and  the  Tranamisaion  of  Power.  Trans- 
lated from  the  third  Gernmn  editian  bv  N.  S.  Keith  and  Percy 
Nevmann,  Ph.D.  With  vrrv  large  additions  and  notea  relating 
to  "Amtsrican  Machines,  by  5J.  S.  Keith.  VoU  1»  with  353  illu«- 
trations*    iSecJand  EdUion.     bvo,  cloth  , . . , . .,,.,....  $5. 00 
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SCHERER,   R.    Casein:    its  Preparation  and  Technical 

Utilization.  Tranfilated  from  the  German.  8vo,  cloth,  illus- 
trated  n«<,  $3.00 

SCHMALLy  C.  N.  First  Course  in  Analytical  Geometry, 
Plane  and  Solid,  with  Numerous  Examples.  Containing  figures 
and  diagrams.    12mo,  cloth,  illustrated net,  $1 .  75 

SCHMALLy  C.  N.y  and  SHACK,  S.  M.    Elements  of  Plane 

Geometry.  An  Elementary  Treatise.  With  many  examples  and 
diagrams.     12mo,  half  leather,  illustrated net,  $1 .  25 

SCEEHEERy  LOUIS.    Flow  of  Water:  A  New  Theory  of 

the  Motion  of  Water  under  Pressure,  and  in  Open  Conduits.  8vo, 
cloth,  illustrated In  Press, 

SCHUMARNy  F.    A  Manual  of  Heating  and  Ventilation 

in  its  Practical  Application,  for  the  use  of  Engineers  and  Archi- 
tects. Embracing  a  Series  of  Tables  and  FormulsD  for  Dimenflions 
of  Heating,  Flow  and  Return  Pipes  for  Steam  and  Hot-water 
Boilers,  Flues,  etc.     12mo,  illustrated,  full  roan $1 .50 

SCHWEIZERy  V.  Distillation  of  Resins,  Resinate   Lakes 

and  Pigments;  Carbon  Pigments  and  Pigments  for  Typewriting 
Machines,  Manifolders,  etc.  A  description  of  the  proper  methods 
of  distillinjg  resin-oils,  the  manufacture  of  resinates,  resin-var- 
nishes, resin-pigments  and  enamel  paints,  the  preparation  of  all 
kinds  of  carbon  pigments,  and  pnnters'  ink,  lithographic  inks 
and  chalks,  and  also  inks  for  typewriters,  manifoloers,  and 
rubber  stamps.  With  tables  and  6S  figures  and  diagrams.  8vo, 
cloth,  illustrated net,  |3 .  50 

SCIENCE  SERIES,  The  Van  Nostrand.     (Follows  end  of 

this  hst.) 

SCRIBNER,  J.  M.  Engineers'  and  Mechanics'  Com- 
panion. Comprising  United  States  Weights  and  Measures, 
Mensuration  of  Superfices  and  Solids,  Tables  of  Squares  and 
Cubes,  Square  and  Cube  Roots,  Circumference  and  Areas  of 
Circles,  the  Mechanical  Powers.  Centres  of  Gravity,  Gravitation 
of  Bodies,  Pendulums,  Specific  Gravity  of  Bocfies,  Strength, 
Weight  and  Crush  of  Materials,  Water-wheels.  Hydrostatics, 
Hydraulics,  Statics,  Centres  of  Percussion  and  Gyration,  Friction 
Heat,  Tables  of  the  Weight  of  Metals,  Scantlmg.  etc.,  Steam 
and  Steam-engine.  Twenty-first  Edition,  revised.  16mo,  full 
morocco $1.50 
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SEATON^  A.  E,     A  Manual  of  Marine  Engmeeriiig.     Com- 

Srismg  the  Designing,  CouBt ruction  and  Working  of  Marme 
[ftchinery.  With  aumetous  tables  and  illustrationa  reduced  from 
Working  Drawings.  Fifteenth  Ediiion,  revised  thixnjghout.  with 
an  additional  chapter  on  Water-tube  Boilers,     SvOi cloth.  $6,00 

— -  and    ROUUTHWAITE,    H.    M,      A   Pocket-book    of 

Marine  iOngineeriiig  Rules  and  Tables.  For  the  use  of  Marine 
Engineers  and  Naval  Architects,  Designers^  Draughtsmen,  Super- 
intendents and  all  engaged  in  the  d«ign  and  con^ruction  of 
Marine  Machinery,  Naval  and  Mercantile.  Seventh  Edition, 
TevUed  and  enlargea.     Pocket  sbe.     Leather,  with  diagrama,   13.00 

SEIBELL,    A.     Handbook    of    Solubilities,     ijmo^  cloth. 

In  Fre^s. 

SEVER,   G.  F,,  Prol       Electrical    Engineering     Eipcri- 

ments  and  Tests  ou  DLreet-currt^nt  Machinefy.  With  diagrauia 
and  figures.     8vo   pamphlet,  illustrated.  ...  .._.....  .net,  |1  .tK> 

and  TOWNSEiro,  F.    Laboratory  and  Factory  Tests 

in  Electrical  Engineering.  Se€&nd  Edition.  8vq,  cloth,  illiiti- 
trated ..............  .net,  12.50 

SEW  ALL,  C.  H.  Wireless  Telegraphy.  With  diagrams 
and  engraving^.  Second  Ediii&n,  eomcted,  Svo,  doth,  illus- 
trated  - ..,net,%2.00 

^Lessons    in   Telegraphy.     For    use    as    a    text-book 

in  schools  and  colleges,  or  for  individual  students.  Illustrated, 
l2mo,  cloth . . $1  00 

SEWELL,    T.    Elements    of    Electrical    Engineering,      A 

First  Year'a  Course  for  Students.  Second  Edition,  remsed,  with 
additi9nal  chapters  on  Alternating- current  Working  and  Ap- 
pendix of  Questions  and  Answers,  With  many  diagrams,  tables 
and  examplea.     8vo,  cloth,  illustrated,  432  pages n^f,  $3 .00 

SEXTON,   A*   H,    Fuel   and   Refractory   Materials.    8vo, 

cloth  .  . ,  _ $2 .00 

Chemistry  of  the  Materials  of  Engineering.    A  Hand^ 

book  lor  Engineering  Students,  With  tables,  diagrams  and 
Ulufitratioas.     l2mo,  cloth,  illustrated. ,  _  ,   $2 .  50 

SETnaOUR,  A*    Practical  LittioEraphy.    With  figures  and 

eagravinp.     8vo,  cloth,  illustrated. , ,  net,  S2.d0 
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SHAW,  S.    The  History  of  the  Staffordshire  Potteries,  and 

the  Rise  and  Progress  of  the  Manufacture  of  Pottery  and  Por- 
celain; with  references  to  genuine  specimens,  and  notices  of 
eminent  potters.  A  re-issue  of  the  original  work  published  ia 
1829.     8vo,  cloth,  illustrated nc^  $3.00 

Chemistry    of    the    Several    Natural    and    Artificial 

Heterogeneous  Compounds  used  in  Manufacturing  Porcelain, 
Glass  and  Pottery.  Re-issued  in  its  original  form,  published  in 
1837.     8vo,  cloth nc(,  $5.00 

SHELDON,   S.,   Ph.D.,   and   MASON,  H.,  B.S.     Dynamo* 

electric  Machinery:  its  Construction,  Design  and  Operation^ 
Direct-current  Machines.  Fifth  Edition^  revised.  8vo,  cloth,  il- 
lustrated  net,  $2.60' 

Alternating-current    Machines:    being    the    second 

volume  of  the  author's  "  Dynamo-electric  Machinery :  its  Construc- 
tion, Design  and  OpNeration. "  With  many  diagrams  and  figures^ 
(Binding  uniform  with  volume  1.)  Fourih  Edition.  8vo,  cloth., 
illustrated net,  $2. {4 

SHIELDS,    J.    E.    Notes    on    Engineering    Construction. 

Embracing  Discussions  of  the  Principles  involved,  and  Descrip- 
tions of  the  Material  employed  in  Tunneling,  Bridging,  Canal  and 
Hoad  Building,  etc.     12mo,  cloth $1 .50 

SHOCK,  W.  H.    Steam  Boilers:   their  Design,  Construc- 
tion and  Management.    4to,  half  morocco $15. OQ 

SHREVE,  S    H.    A  Treatise  on  the  Strength  of  Bridges 

and  Roofs.  Comprising  the  determination  of  edfebraic  formulas 
for  strains  in  Horizontal,  Inclined  or  Rafter,  Triangular,  Bow- 
string, Lenticular  and  other  Trusses,  from  fixed  and  moving  loads^ 
with  practical  applications  and  examples,  for  the  use  of  Students, 
and  Engineers.  87  woodcut  illustrations.  Fourth  Edition.  8vo^ 
doth. $3.50 

SHUNK,   W.   F.     The   Field   Engineer.    A  Handy  Book 

of  practice  in  the  Survey,  Location  and  Track-work  of  Railroads, 
containing  a  lar^e  collection  of  Rules  and  Tables,  original  uid 
selected,  applicable  to  both  the  Standard  and  Narrow  Gauge, 
and  prepared  with  special  reference  to  the  wants  of  the  youne. 
Engineer.  Sixteenth  Edition,  revised  and  enlarged.  With 
addenda      12mo,  morocco,  tucks $2 .  50 
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SIMMS^  F<  W,     A  Treatise  on  the  Principles  and  Practice 

of  Leveling,  Showing  its  application  to  purposes  of  Railw/iy 
Engineering,  and  the  Comt ruction  of  Roada,  etc.  Revised  ana 
<x:irFected,  with  the  addition  of  Mr.  Laws'  Practical  Examples  for 
setting  out  Railway  Ciir%'efi.     Illustrated,     Svo,  cloth, . . , . ,  S2 ,  50 

Practical   Ttmneling,    Fourth   Edition,   Revised   and 

greatly  extended.  With  additional  chapters  illustrating  recent 
practice  by  1).  Kinnear  Clark*  With  36  plates  and  other  illustra- 
tiona.     Imperial  Svo,  cloth.  .  ,  ,  ........................   $.h  .  00 

SIMPSON^  G.     The  Naval  Constmctor.     A  Vade  Mecum 

of  Ship  Designt  for  Students,  Naval  Architects^  Ship  Builders  and 
Owners,  Marine  Superintendents,  Engineera  and  Uraughtameii. 
12mo^  morocco,  illustrated.  500  pa^es net,  S5. 00 

SLATER^    J.    W.     Sewage     Treatment,    Purification    and 

Utilijsation.  A  Practiml  ^I antral  for  the  Use  of  Cbr^rations^ 
Local  Boards,  Medical  Uificers  of  Health,  Inapectors  of  Nuisaticea, 
Chemists,  Manufacturers,  Riparian  Owners,  Engineers  and  Rate- 
payers.    l2rao,  doth. ...,...,,.,...   $2 ,  25 

SMITH,   F.  E.    Handbook  for  Mechanics,     iimo^  cloth, 

illustrated.  , ,  , , . .  Jn  Pres^, 

Mechanics  for  Practical  Men,     8vOj  cloth,  about  400 

pp,^  illustrated . . In  Press, 

I,  W.J  C,E.  The  Theory  of  Deflections  and  of  Lati- 
tudes and  Departures.  With  special  applications  to  Curvilinear 
Sur^'eys,  for  Alignments  of  Railway  Tracks.  Illustrated.  16mo, 
morocco,  tucks $3 .  00 

J.  C,     Manufacture  of  Paint.    A  Practical  HaBdhook 

for  Paint  Manufacturers,  ^^e^cha^t3  and  Painters  With  60  illua- 
trationa  and  one  large  diiigram,     SvOj  cloth..  ........ .nHt$3. 00 

SHELL,  A.  T*     Electric  Motive  Power:    The  Transmission 

and  Distribution  of  Electric  Power  by  Continuous  and  AUeroatt 
Currents.  "With  a  Section  on  the  AppUcatiooB  of  Electricity  to 
Mining  Work,    Second  Edition.    8vo,  cloth,  illustrated,. nef,  S4  00 

SH 0W>  W.  G,,  and  NOLAN,  T.     Ventilation  of  Buildings. 

Ifimo,  cloth.     (Van  Nostrand's  Science  Series.),.  .........    $f J  50 

SODDY,    F.      Radio-Activity:     An     elementary     treatise 

from  the  atandpoint  of  the  disintegration  theory.  With  40  fi^rea 
and  diagrams.     Svo,  cloth,  illustz^t^ , . .  ,  nei,  |3 .  OO 
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SOXHLETy  D.  H.    Art  of  Dyeing  and  Staining  Marble, 

Artificial  Stone,  Bone,  Horn,  Ivory  and  Wood,  and  of  imitating 
all  sorts  of  Wood.  A  practical  Handbook  for  the  use  of  Joiners, 
Turners,  Manufacturers  of  Fancy  Goods,  Stick  and  Umbrella 
Makers,  Comb  Makers,  etc.  Translated  from  the  German  by 
Arthur  Morris  and  Herbert  Robson,  B.Sc.  8vo,  cloth,  170 
pages netf  $2 .50 

SPANG,  H.  W.  A  Practical  Treatise  on  Lightning  Pro- 
tection.   With  figures  and  diagrams.     12mo,  cloth $1.00 

SPEYERS,    C.    L.    Text-book    of    Physical    Chemistry. 

8vo,  cloth $2.26 

STAHL,  A.  W.,  and  WOODS.  A.  T.  Elementary  Mechan- 
bm.  A  Text-book  for  Students  of  Mechanical  Engineering. 
Fifteenth  Edition,     12ino,  cloth $2.00 

STALEY,  C,  and  PIERSON,  G.  S.    The  Separate  Intern 

of  Sewerage:  its  Theory  and  Construction.  Third  Edition, 
revised  ana  enlarged.  W^ith  chapter  on  Sewage  Disposal.  With 
maps,  plates  and  illustrations.      8vo,  cloth $3.00 

STANDAGE,   H.   C.    Leatherworkers'   Manual:    being  a 

Compendium  of  Practical  Hecipes  and  Workine  Formulae  for 
Cumers,  Boot-makers,  Leather  Dressers,  Blacking  Manufac- 
turers, Saddlers,  Fancy  Leather  Workers,  and  all  persons  en- 
gaged in  the  manipulation  of  leather.     8vo,  cloth net,  $3.^ 

Sealing  Waxes,  Wafers,  and  Other  Adhesives.    For 

the  Household,  Office,  Workshop  and  Factory.  8vo,  cloth,  96 
pages. net,  $2 .00 

STEWART,  R.  W.  Text-book  of  Heat.  Illustrated.  8vo, 
cloth $1 .00 

Text-book  of  Magnetism  and  Electricity.  i6o  Illus- 
trations and  numerous  examples.     12mo,  cloth $1 .00 

STILES,   A.    Tables   for   Field   Engineers.    Designed   for 

Use  in  the  Field.  Tables  containing  all  the  Functions  of  a  One 
Degree  Curve,  from  which  a  corresponding  one  can  be  found  for 
any  required  Degree.  Also,  Tables  of  Natural  Sines  and  Tangents. 
12mo,  morocco,  tucks $2.00 
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STILLMANp  P,     Steam-engine  Indicator  and  the  Improved 

Manometer  Steam  and  Vacuum  Gauges;  their  Utility  And  Appli- 
eation.     New  edition.     12ino^  flexible  cloth.. |1 .  00 

STODOLA,   Dr.  A.     Steam  Turbines.     With  an  appendix 

on  Gas  Turbines,  and  the  future  of  Heat  Engines.  Authorized 
translation  by  Dr  Lcuiia  C.  Loewensfein  [Lehigh  Umver«ify)_ 
With  241  cuti  and  3  lithographed  tables.     §vo,  cloth,  illustrated, 

STONE.  R,,  Gen'l,     New  Roads  and  Road  Laws  in  the 

United  States.     200  pages,  with  numerous  illuat  rat  ions.     12mo» 

dotfe — , : . . . , . $1 .00 

STONEY,  B,  D.     The  Theory  of  Stresses  in  Girders  and 

Siniilar  Structures.  Witli  Ohser\^fltionfl  on  the  AppUeation  of 
Theory  to  Practire,  and  Tables  of  Strength  and  other  Properties 
of  Materials.  Neuf  rensed  ediiion,  with  numen>u5  additions  on 
Graphic  Statics,  Pillars,  Steel*  Wind  Presaure,  OgcillatinK  Stresaefl, 
M'orking  I-rOa*di^  Riveting.  Strength  and  Tests  of  Materials. 
777  pages,  143  illus.  and  5  folding-plates.      8vD,  cloth $12,50 

SUFFLING,  E.  R.     Treatise  on  the  Art  of  Glass  Painting. 

Pff  faced  with  a  Review  of  Ancient  Glass.  With  engra\nngs  and 
colored  plate?.     8vo,  cloth. , n^^.  $3 . 50 

SWEET,  S,  H.  Special  Report  on  Coal,  Showing  its  Dis- 
tribution ^  Classificiktion,  aod  Coats  delivered  over  Different  Routes 
to  Various  Points  in  the  State  of  New  York  and  the  Principal 
Cttiej  on  the  Atlantic  Coast.    With  maps.     8vo,  t^Joih $3.00 

SWOOPE,  C.  W.  Practical  Lessons  in  Electricity:  Prin- 
ciples, Experiments,  and  Arithmetical  Problems.  An  Elementary 
Text-book.  With  numerous  tables,  fortnulfp,  and  two  large  in- 
atruction  plates,  8vo,  cloth,  Uluatrated.  Sevcnih  Ediiion .  .  n^f ,  $2  00 

TAILFER,    L*    Practical    Treatise    on    the    Bleaching    of 

Linen  and  Cotton  Yum  and  Fabrics.  With  tables  and  diagramfl. 
Translated  from  the  French  by  John  Geddes  Mcintosh,  Syo, 
doth,  illustrated *.....  nci,  $5.00 

TEMPLETON,  W,      The  Practical  Mechanic's  Workshop 

Companion.  Comprising  a  gpt^at  variety  of  the  most  iisefil 
rulea  and  formulsp  in  Meehanical  Science^  with  numerous  tablea 
of  practical  data  and  calculated  results  facilitating  mechanical 
operations.  Revised  and  enlarged  by  W,  S*  Hut  ton.  12mo, 
moroceo ,,.... 52.00 
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THOH,  C,  and  JONES,  W.  H.    Telegraphic  Connections: 

embracing  Recent  Methods  in  Quadniplex  Telegraphy.  20  full- 
page  plates,  some  colored.    Oblong,  8vo,  cloth $1 .50 

THOMAS,  C.  W.    Paper-makers'  Handbook.    A  Practical 

Treatise.     Illustrated In  Pres9, 

THOMPSON,  A.  B.     Oil  Fields  of  Russia  and  the  Russian 

Petroleum  Industry.  A  Practical  Handbook  on  the  Explora- 
tion, Exploitation,  and  Management  of  Russian  Oil  Properties, 
including  Notes  on  the  Origin  of  Petroleum  in  Russia,  a  Descrip- 
tion of  the  Theory  and  IHtLctice  of  Liquid  Fuel,  and  a  Translation 
of  the  Rules  and  Regulations  concerning  Russian  Oil  Properties. 
With  nimierous  illustrations  and  photographic  plates  and  a  map 
of  the  Balakhany-Saboontchy-Romany  Oil  Field.  8vo,  cloth, 
illustrated net,  $7.50 

THOMPSON,    E.    P.,    M.E.    How    to    Make    Inventions; 

or.  Inventing  as  a  Science  and  an  Art.  A  Practical  Guide  for 
Inventors.    Second  Edition.    8vo,  boards $0. 50 

Roentgen   Rays  and  Phenomena  of  the  Anode  and 

Cathode.  Principles,  Applications,  and  Theories.  For  Students, 
Teachers,  Physicians,  Photofi;raphers,  Electricians  and  others. 
Assisted  by  Louis  M.  Pignolet,  N.  D.  C.  Hodges  and  Ludwig 
Qutmann,  E.E.  With  a  cnapter  on  Generalizations,  Arguments, 
Theories,  Kindred  Radiations  and  Phenomena.  By  Professor  Wm. 
Anthony.    50  diagrams^  40  half-tones.    8vo,  cloth $1 .00 

THOMPSON,  W.  P.    Handbook  of  Patent  Law  of  AU 

Countries.  Thirteenth  Edition,  completely  revised,  March,  1905. 
16mo,  cloth $1.50 

THORNLEY,  T.  Cotton  Combing  Machines.  With  Nu- 
merous tables,  engravings  and  diagrams.  8vo,  cloth,  illustrated, 
343  pages net,    $3.00 

THURSO,   T.  W.    Modem  Turbine  Practice  and  Water- 

Power  Plants.  With  eighty-eight  figures  and  diagrams.  8vo, 
cloth,  illustrated net,  $4.00 

TOCH,  M.    Chemistry  and  Technology  of  Mixed  Paints. 

8vo,  cloth In  Preee, 
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TODD,   J.^   and   WHALL,   W.   B,     Practical   Seamanship 

for  Use  in  the  Merchant  Semce:  liiduding  all  lardmarj'  subjects; 
also  Steam  Se-arnauHhip,  Wreck  Liftiog,  Avoiding  CotUaioD,  WUe 
Splicing,  Displacement  and  everything  necessary  to  be  known 
by  seamen  of  the  present  day.  Fifth  Editiant  with  247  Ulus- 
tratians  and  diagrams.     8vq,  efoth nd,  $7.50 

TOBIPKINS,    A.    E,     Teit-book    of   Marine    Engmeeiing. 

Second  EdU%0n,€tUirely  rewriii4;^i,rmrrangfd^and  enlarged.  With 
over  250  figures,  diagrams,  and  full-page  plates.  Svo,  cloth, 
iUustruted nei,  $6.00 

TOOTHED  GEARING,    A  Practice  Handbook  for  Offices 

un(\  Worlcshiips.  By  a  F4jreman  Patternmaker,  1S4  ill ust ra- 
tions.    12mo,  cloth.  ^  _  , .,....,, $2 . 25 

TRATMAlf,  E.   E.   R.     Railway  Track   and  Track-work. 

With  over  200  illustrations.     8vo,  cloth. . $3 ,  00 

TRAVERSE    TABLE,    Showing    Latitude    and    Departure 

for  each  Quarter  Degree  of  the  Quadrant,  and  for  Distances  from  1 
to  100,  to  which  is  ai>pended  a  Table  of  Natural  Sinea  and  Tan- 
genta  for  each  five  minutes  of  the  Quadrant*  (Reprinted  from 
Scribner'a  Pocket  Table  Book*)     Van  NastraruTs  Science  iSme*. 

16mo,  cloth , *  * , ,  _  fO.60 

Morocco.  -  , » , , , .  11.00 

TRINES,  W.,  and  HOUSUM,  C.     Sbaft  Governors,     i6mo, 

cloth,  illustrated,     (Van  NoBtrand's  Science  Series j. ......   $0  50 

TUCKER,  J.  H.,  Dn  A  Manual  of  Sugar  Analysis,  in- 
cluding the  Applications  in  General  of  Analytical  Methods  to  the 
Sugar  Industry.  With  an  Introduction  on  the  ChemistTy  of 
Cane^ugar,  Dextrose,  Levulose,  and  Milk-sugar.  Sixth  Edition^ 
8vo,  cloth,  iliujtrated. 13. SO 

TUMLHIZ,  0.,  Dr.     Potential  and  its  Application  to  the 

Explanation  of  Electrical  Phenomena,  Popularly  Treated.  Trans- 
lated from  the  German  by  D.  Robertson.     12mo^  cloth,  iU.  f  1 .  26 

TuwheR,  p.  a.  Treatise  on  Roll-turning  for  tlie  Manu- 
facture of  Iron.  Translated  and  adapted  by  John  B,  Pearse.  of 
the  Pennsylvania  Steel  Works,  with  numerous  engravings,  wood- 
cuts.   Svo,  cloth,  with  folio  atlaa  of  plates _ 110.00 

TURBAYKE,  A,  A,     Alpliabets  and  FTumerals-    With  37 

phitea.     4to,  boards , $2.00 
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UITDERHILL,    C.    R.    The    Electro-magnet.    New    and 

revised  edition,    8vo,  cloth,  illustrated net,  $1 .  50 

URQUHART,  J.  W.  Electric  Light  Fitting.  Embodying 
Practical  iNotes  on  Installation  Management.  A  Handbook  for 
Working  Electrical  Engineers.  With  numerous  illustrations. 
12mo,  cloth $2.00 

Electro-plating.  A  Practical  Handbook  on  the  Depo- 
sition of  Copper,  Silver,  Nickel,  Gold,  Brass,  Aluminium,  Plati- 
num, etc.    Fourth  Edition.     12mo $2.00 

Electrotyping.    A  Practical  Manual  Forming  a  New 

and  Systematic  Guide  to  the  Reproduction  and  Multiplication  of 
Printing  Surfaces,  etc.     12rao $2.00 

Electric  Ship  Lighting.    A  Handbook  on  the  Practical 

Fitting  and  Running  of  Ship's  Electrical  Plant.  For  the  Use  of 
Ship  Owners  and  Builders,  Marine  Electricians  and  Sea>going 
Engineers-in-^harge.     Illustrated.     12mo,  cloth &.00 

UNIVERSAL    TELEGRAPH    CIPHER    CODE.    Arranged 

for  General  Correspondence.     12mo,  cloth $1 .00 

VAN  NOSTRAND'S  Chemical  Annual,  based  on  Bieder- 

mann's  "Chemiker  Kalender."  Edited  by  Prof.  J.  C.  Olsen,  with 
the  co-operation  of  Eminent  Chemists.  First  year  of  issue  1906. 
12mo,  cloth,  illustrated In  Press. 

Engineering  Magazine.     Complete  Sets,  1869  to  1886 

inclusive.     35  vols.,  in  cloth $60.00 

'*     '*      in  half  morocco $100.00 

Year  Book  of  Mechanical  Engineering  Data.     With 

many  tables  and  diagrams.     (First  Year  of  issue  1906.)    In  Press. 

VAN  WAGENEN,   T.   F.    Manual  of  Hydraulic   Mining. 

For  the  Use  of  the  Practical  Miner.  Revised  and  enlarged  edition. 
18mo,  cloth $1 .00 

VILLON,  A.  M.    Practical  Treatise  on  the  Leather  Industry. 

With  many  tables  and  illustrations  and  a  copious  index.  A  trans- 
lation of  Villon's  ''Traite  Pratique  de  la  Fabrication  des  Cuirs  et 
du  Travail  des  Peaux,"  by  Frank  T.  Addyman,  B.Sc.  8vo, 
doth,  illustrated net,  $10 .00 
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VUfCENT^    C*      Ammonia    and    its    Compounds:     their 

Maaufacture  and   Usee.     Traaalated  from  the  French  by  M.  J, 
Salter.    Svo.  cloth,  illustrated . . ,..,.. net,  12 .00 

VOLKj    C-     Haulage    and    Winding    Appliaxices    Used    in 

Miites,     With  plates  and  engravings.      Translated  from  the  Ger- 
8vo,  cloth,  iUuatrated ,,...,. net,  $4 .00 


VON  GEORGIEVICS,  G.     Chemical  Technology  of  Textile 

Fibres:  their  Origin »  Structure,  Preparation,  Washing.  Bleaching^ 
Dyeing,  Printing,  and  Dressing,  Translated  from  the  German 
by  Charles  Salter.     With  many  diagram;)  and  figures.     S\o,  cloth, 

illustrated.     305  pages.  . , ,  _ nei,  $-*  SO 

CoTUents.— The  Textile  Fibres ;  Waebin^,  Bleaching,  and  Car* 
bonizing;  Mordants  and  Mordanting;  Dyemg,  Printing,  Dressing 
and  Finbhing;  Index. 

Chemistry  of  DyestufFs,     Translated  from  the  Second 

Gemmn  edihmi  by  Chas.  Salter,     Svo,  cloth,  112  pages. .  .   *i^f,  S4 .  50 

WABNER,    R-     Ventilation    in    Mines.    Translated    from 

the  German  by  Charles  Salter,  With  plates  and  engravings. 
Svo,  cloth,  illuBtrated,  240  pages. ncf ,  $4 .  SO 

WADE,  E*  J.  Secondary  Batteries:  their  Theory,  Con- 
struction and  Use.  With  innumerable  diagrama  and  figures. 
8vo,  doth,  illustrated,  492  pages. .__,_, net,  $4  QO 

WALKER^    F.>    C.E.      Atrial    rTayigation.      A    Practical 

Handbook  on  the  Construction  of  Diri^ble  Balloons,  A^rcfstats, 
Aeroplanes  and  Aoromotorg,  With  diagrams,  tables  and  illus* 
trations.     Svo,  cloth,  illustrated,  151  pages.  .  .........  net,  ^.00 

WALKER^  S.   F.     Electrical  Engineering  in  Our  Homes 

and  Workshops.  A  Practical  Treatise  on  Auxiliarj^  Electrical 
Apparatus,  Third  Ediiion,  reiHMd,  wUh  numerouB  dlu&trahotys^ 
Svo,  cloth , _   12.00 

Electric  Lighting  for  Marine  Engineers,  or  How  to 

Light  a  Ship  by  the  Electric  Light  and  How  to  Keep  the  Apparatua 
in  Order.    Second  EdUion.     103  illua,j  Svo,  cloth 12.00 

WALKER,   W,    H.     Screw   Propiilsion*     Notes   on   Screw 

Propulsion ;  it^  Rise  and  History.     Svo,  doth £0  75 

WALLING,  B.  T,,  Lieut.  Com.  U.S.N.,  and  MARTIN,  JULIUS. 

Electrical  Instaliations  of  the  United  States  Navy.  With  many 
diagrams  and  engravings.     Svo,  doth,  illustrated ,  In  Press. 
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WALLIS  TAYLERy  A.  J.    Bearings  and  Lubrication.    A 

Handbook  for  Every  user  of  Machinery.    Fully  illustrated.    8vo, 
cloth $1.50 

Modem  Cycles,  a  Practical  Handbook  on  Their  Con- 
struction and  Repair.    With  300  illustrations.    8vo,  cloth.  $4.00 

Motor  Cars,  or  Power  Carriages  for  Common  Roads. 

With  numerous  illustrations.    8vo,  cloth $1 .80 

Motor  Vehicles  for  Business  Purposes.    8vo,  cloth, 

illustrated nei.  $3.50. 

Refrigerating  and  Ice-making  Machinery.  A  Descrip- 
tive Treatise  for  the  use  of  persons  employing  refrigeratingand 
ice-making  installations,  and  others.    8vo,  cloth,  illustrated.    $3 .  00 

Refrigeration  and  Cold   Storage:    being  a  Complete 

practical  treatise  on  the  art  and  science  of  refrigeration.     600 
pages,  361  diagrams  and  figures.     8vo,  cloth net,  $4.50 

Sugar   Machinery.    A   Descriptive   Treatise,   devoted 

to  the  Machinery  and  Apparatus  used  in  the  Manufacture  of 
Cane  and  Beet  Sugars.     12mo,  cloth,  illustrated $2.00 

WAITKLYlf ,  J.  A.  A  Practical  Treatise  on  the  Exam- 
ination of  Milk  and  its  Derivatives,  Cream,  Butter  and  Cheese. 
12mo,  doth $1 .00 

Water  Analysis.  A  Practical  Treatise  on  the  Exam- 
ination of  Potable  Water.    Tenth  Edition.    12mo,  cloth $2.00 

WANSBROUGH,  W.  D.    The  A  B  C  of  the  Differential 

Calculus.     12mo,  cloth. $1 .50 


WARD,  J.  H.    Steam  for  the  Million.    A  Popular  Treat 

ise  on  Steam,  and 
Navigation.    8vo, 


ise  on  Steam,  and  its  application  to  the  Useful  Arts,  especially  to 
^    .,cloth $1.00 


WARING,   G.   £.,  Jr.      Sewerage    and    Land    Draina|;e. 

Illustrated  with  woodcuts  in  the  text,  and  full-page  and  foldmg 
plates.    New  Edition In  Press. 

Modem   Methods   of  Sewage  Disposals   for  Towns, 

Public  Institutions  and  Isolated  Houses.    Second  Edition ,  revised 
and  enlarged.    260  pages.     Illustrated.     Cloth $2.00 
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WARINGj  G.  E,,  Jr.     How  to  Drain  a  House.     Practical 

Information  for  BoiiBeholdera.  Thwd  Edition,  enimmd*  l2mo, 
dotb. il.2S 

WARREN.    F-    D.     Handbook    on    Reinforced    Concrete, 

15mo,  cloth,  illustroteci. . n^t,  S2  50 

WATSON,  £,  P.    Small  Engines  and  Boilers.    A  Manual 

of  Concise  and  Specific  Directions  for  the  Construction  of  SmaU 
Steam-engines  and  lioilere  of  Modem  Typea  from  five  Horse- 
power down  to  model  sjjee.  Illustrated  with  Numerous  Dib- 
grams  and  Half-tone  Cuti.     12mo,  cloth. II  .25 

WATT,  A,    Electro-plating  and  Electro-refining  of  Metals : 

being  a.  new  edition  of  Alexander  Watts'  **  Elect ro^Depoaition/  * 
Rei^ised  and  largely  reimiMen  by  Arnold  Philip,  B.Sc,  With 
numerous  figures  and  cngra^iaga.  8vo,  cloth ^  illustrated,  680 
pages , neM4,50 

--^  Electro-metallurgy     Practically     Treated,       Eleventli 

Edition,  con^iderabti/  enlarged.     12mo,  cloth. ..............  $1 .  00 

The  Art  of  Soap-making.     A  Practical  Handbook  of 

the  Manufacture  of  Hard  and  Soft  Soapa,  Toilet  SoaM,  etc.  In* 
eluding  many  New  Processee,  and  a  Chapter  on  the  Recovery  of 
Glycenne  from  Waste  Lyea,  With  iUu^trationa.  Fifth  Edition^ 
tensed  and  enlaTged.     8vo,  clotb.  . $3.00 

The  Art  of  Leather  Manufacture :    being  a  Practical 

Handbook,  in  which  the  Operations  of  Tanning,  Curry  in  p  and 
Leather  Dressing  are  FuUy  Described,  and  the  PrincipIeB  of 
Tanning  Explained^  and  many  Recent  Processes  Introduced. 
With  numerous  illustrations.     New  Edition, .  Jn  Pre^a. 

WEALE,  J,    A  Dictionary  of  Terms  Used  in  Architecture, 

Building,  Engineerings  Mining,  Metullargy,  Art'liirology,  the  Fine 
Arts,  etc.*  with  esplanatorv  observations  connected  with  applied 
Science  and  Art.  Fi}th  Edition ^  remsed  and  corrected.  12mQ, 
cloth. . 12.60 

WEBB,  H.  L.     A  Practical  Guide  to  the  Testing  of  Insu- 
lated Wires  and  Cables     lUuetratcd.     12  mo,  cloth ........  51. 00 

The  Telephone  Handbook.      izS  Illustrations*      146 

pages.     16mo,  cloth  . , II .  DO 
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WEEKES,  R.  W.  The  Design  of  Alternate  Current  Trans- 
formers,   niuatrated.     12mo,  cloth $1 .00 

WEISBACH,    J.    A    Manual    of    Theoretical    Mechanics. 

Ninth  American  edition.  Translated  from  the  fourth  augmented 
and  improved  German  edition,  with  an  Introduction  to  the  Calculus 
by  Eckiey  B.  Coxe,  A.M.,  Mining  Engineer.     1,100  pages  and  902 

woodcut  illustrations.    8vo,  cloth $6.00 

Sheep $7.60 

and  HERRMANN,  G.    Mechanics  of  Air  Machinery. 

Authorized  translation,  with  an  appendix  on  American  practice 
by  A.  Trowbridge.  With  figures,  diagrams,  and  folding  plates. 
8vo,  cloth,  illustrated net,  $3 .  75 

WESTON,  E.  B.    Tables  Showing  Loss  of  Head  Due  to 

Friction  of  Water  in  Pipes.    Second  Edition,     12mo,  cloth . .  $1 .  50 

WEYMOUTH,  F.  M.  Drum  Armatures  and  Commutators. 
(Theory  and  Practice.)  A  complete  Treatise  on  the  Theory 
and  Construction  of  Drum  Winding,  and  of  commutators  for 
closed-coil  armatures,  together  with  a  full  r^sum^  of  some  of  the 
principal  points  involved  in  their  design,  and  an  exposition  of 
armature  reactions  and  sparking.    8vo,  cloth $3 .00 

WHEELER,    J.    B.,   Prof.    Art   of   War.     A   Course    of 

Instruction  in  the  Elements  of  the  Art  and  Science  of  War,  for 
the  Use  of  the  Cadets  of  the  United  States  Military  Academy, 
West  Point,  N.  Y.     12mo,  cloth $1 .76 

Field  Fortifications.  The  Elements  of  Field  Forti- 
fications, for  the  Use  of  the  Cadets  of  the  United  States  Military 
Academy,  West  Point,  N.  Y.     12mo,  cloth $1 .75 

WHH^PLE,  S.,  C.E.    An  Elementary  and  Practical  Treatise 

on  Bridge  Building.     8vo,  cloth $3 .00 

WHITE,  W.  H.,  K.C.B.    A  Manual  of  Naval  Architecture, 

for  use  of  Officers  of  the  Royal  Navy,  Officers  of  the  Mercantile 
Marine,  Yachtsmen,  Shipowners  and  Shipbuilders.  Containing 
many  figures,  diagrams  and  tables.  Thick,  8vo,  cloth,  illus- 
trated   $9.00 

WILKINSON,  H.  D.    Submarine  Cable-laying,  Repairing^ 

and  Testing.    8vo,  cloth.    New  Edition In  Press, 


u 
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WILLIAMSON,  Rp  S«    On  the  Use  of  the  Barometer  on 

Sur\ey8  ^nd  Recormoiaflances.  Part  L  xMeteorolog>-  iu  its  Ccju- 
neetion  with  Hypaometry*  Part  II,  Barometric  Hypeometry, 
With  iUufitrative  tables  and  engravinga.     4to,  cloth..    .  $15,00 

Practical  Tables  la  Meteorology  and  Hypsometry,  In 

conn^titm  with  the  use  of  the  Barometer.     4 to,  doth. . . « ,  .  §2. 50 

WILSON,  G.  Inorganic  Chemistry^  with  New  Notation* 
Reviaed  and  enlarged  by  H.  G.  Madan.  New  edition.  t2mo, 
cloth ...,..,..,....,.. : ,  12.00 

WILLSON,    F,    N,      Theoretical    and    Practical    Graphics. 

Ai3  Educational  Course  on  the  Theory  and  Practical  Applications 
of  DcBcriptive  Geometry  and  Mechanical  Drawing.  Prepared 
for  students  in  General  Science,  Engraving*  or  Architecture. 
Third  Ediiion,  revised.     4to,  cloth,  illuatrated , . ,  ,  nci,$4.Q(y 

Note-takingi  Dimensioning  and  Lettering.     4to,  Cloth, 

illustrated. nel,  |1 ,25 

Third  Angle  Method  of  Making  Working  Drawings. 

4to»  cloth,  illufltrateit.  .*.....* nei,  |1 .25 

Some    Mathematical    Curres,    and    Their    Graphical 

Construction.     4to,  cloth,  illustrated.  ................  jict,  II   50 

Practical    Engineering^    Drawing^    and    Third   Angle 

Projecl ion.     4to,  cloth,  illustrated nel,  12 . 80 

Shades^  Shadows^  and  Linear  Perspective,     4to^  Cloth, 

illustrated n^f,  |i  .00 

^—Descriptive    Geometry  —  Pure    and    Applied,    with    a 

chapter  on  Higher  Plane  Cuo'^es,  and  the  Helix.  4 to,  cloth 
illustrated ,,..... , . .  nei,  $3 . 00 


WINKLER,  C.^  and  LUNGE,  G.  Handbook  of  Technical 
Gajs- Analysis.  With  figures  and  diagrams.  Second  EngOsh  edi- 
H&n.  Ttanskted  from  the  third  irreatly  enlarged  German  edit'toD, 
with  mme  additions  by  George  Lunge,  PLD.  8vo,  cioth.  illuj- 
trated,  ISJO  pages $4  00 


SCIENTIFIC  PUBLICATIONS.  65 

WOODBURY,  D.  V.  Treatise  on  the  Various  Elements 
of  Stability  in  the  Well-proportioned  Arch.  With  numeroiui 
tables  of  the  Ultimate  and  Actual  Thrust.  8vo,  half  morocco. 
Illustrated $4.00 

WRIGHT,  A.  C.  Analysis  of  Oils  and  Allied  Substances. 
Svo,  doth,  illustrated,  241  pages net,  $3.50 

Simple  Method  for  Testing  Painters'  Materials.    8vo, 

cloth,  160  pages net,Z2.Q0 

WRIGHT,  T.  W.,  Prof.  (Union  CoUege.)  Elements  of 
Mechanics;  including  Kinematics,  Ivinetics  and  Statics.  With  ap- 
plications.    Third  EdiHon,  revised  and  enlarged,   8vo,  cloth . .  $2 .  50 

and  HAYFORD,  J.  F.    Adjustment  of  Observations 

by  the  Method  of  Least  Sc^uares,  with  applications  to  Geodetic 
Work.   Second  Edition,  rewnUen.   8vo,  cloth,  illustrated,  net,  $3 .  00 

YOUNG,  J.  E.    Electrical  Testing  for  Teleeraph  Engineers. 

With  Appendices  consisting  of  Tables.    8vo,  cloth,  illus. . .  $4.00 

YOUNG  SEAMAN'S   MANUAL.    Compiled  from  Various 

Authorities,  and  Illustrated  with  Numerous  Original  and  Select 
Designs,  for  the  Use  of  the  United  States  Training  Ships  and  the 
Marine  Schools.     8vo,  half  roan $3.00 

ZEUNER.  A.,  Dr.  Technical  Thermodynamics.  Trans- 
lated from  the  German,  by  Prof.  J.  F.  Klein,  Lehigh  University. 
8vo,  doth,  illustrated In  Press. 

ZIMMER,  G.  F.  Mechanical  Handling  of  Material.  Be- 
ing a  treatise  on  the  handling  of  material,  such  as  coal,  ore,  tim- 
ber, etc.,  by  automatic  and  semi-automatic  machinery,  together 
with  the  various  accessories  used  in  the  manipulation  of  such 

Elant,  idso  dealing  fully  with  the  handling,  storing,  and  ware- 
ousing  of  grain.     With  542  fibres,  diagrams,  full-page  and  fold- 
ing plates.    Royal  8vo,  cloth,  lilustrated. net,  $10.00 

ZIPSER,  J.    Textile  Raw  Materials,  and  Their  Conversion 

into  Yams.  The  study  of  the  Raw  Materials  and  the  Technology 
of  the  Spinning  Process.  A  Text^book  for  Textile,  Trade  and 
higher  Technical  Schools,  as  also  for  self -instruction.  Based  upon 
the  ordinary  syllabus  and  curriculum  of  the  Imperial  and  Royal 
Weaving  Schools.  Translat€Ki  from  the  German  by  Chas.  Salter. 
8vo,  cloth,  illustrated net,  $5.00 


Catalogue  of  the  Van  Nosirajtd 
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^J^HEY  are  put  up  in  a  uniform,  neat,  and  attfactivt  form.  iSfna^ 
^  boards.  Price  §o  cetfts  per  volume.  Tht  subjects  are  of  an 
tmineniiy  scientific  characUr  and  eittbrace  a  wide  tan g^  of  topics,  and 
are  amply  iHusirated  when  the  subjg^t  d^mafids. 

Ho,  I,  CHIMTfEYS  FOR  FURlfACES  ANB   STEAM  BOILERS     By 

R.    AtiiiJ^tmfig,    I'E.     Third    American    Kdition.     Revised    and 

Thi^orj*   of  i'himney 


partly   rewritten,   with   an    ApiJt^ndi?t   on    "1 
Draught;*  by  R  E.  Idfll.  M  K. 


Ho. 


Ntw 


No. 


2.  STEAM-BOILER    EKPLOSIOPTS     By    Zerah    Colburn. 
Editiuiij  revised  hy  PAtf  H    H.  Thurston. 

3.  PRACTICAL    DESIGNING  OF  RETAUflNG-WALLS,     Fourth 

adiijan,  by  Prnf.  W.  t'liin. 

ITo.  4,  PROPORTIONS  OF   PUTS  USED   IN  BRIDGES.     By  CJiwlts 

E,  Bender^  C.E.     8econd  edition,  with  Appendix. 

No.  s-  VENTILATIOir  OF  BtnLDlHOS,  By  Wm.  G.  Snow,  S.B,,  and 
Thos.  Nolan,  A.M. 

Ho.  6,  ON  THE  DESIGlflJfG  AND  CONSTRUCTION  OF  STORAGE 
Reservoirs.  By  Arthur  Jacobs  B.A.  Third  American  edition, 
revised,  with  additions  by  E.  Sherman  Gould. 

No.  7.  SURCHARGED  AND  DIFFERENT  FORMS  OF  RETAINING- 

walls,     By  James  S.  Tate,  C.E. 

No.  8,  A   TREATISE  ON   THE   COMPOUND    STEAM-ENGINE      By 

John  Tiimbull,  Jn     2nd  edition.  re\'ised  by  Prof.  S.  \V.  Robinson. 

No.  g.  A  TREATISE  ON  FUEL     By  Arthur  V.  Abbott,  C.E,     Founded 

on  tbe  originui  treatise  of  C.  William  Siemena,  D,C,L.     Third  ed. 

No.  10.  COMPOUND  ENGINES.     Traaslated  from  the  French  of  A* 

Mallet.     Second  edition,  re%'taed  with  results  of  American  Ptao- 
lico,  by  Richard  H,  Bud,  C.E, 

No,  J  I,  THEORY  OF  ARCHES.     By  Prol  W,  Allan. 

Ho,  12.  THEORY  OF   VOUSSOIR  ARCHES.     By  Prof.   Wau   C*in. 

Third  edition,  revised  and  enkrged. 

No,  13^  GASES  MET  WITH  IN  COAL  MINES.  By  J,  L  Atkinson, 
Third  edition,  revised  and  enlarged,  to  which  is  added  The  Action 
of  Coal  Dusts  hy  Edward  H.  Williams,  Jr. 
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No.  14.  FRICTION  OF  AIR  IN  MINES.  By  J.  J.  Atkinson.  Second 
American  edition. 

No.  15.  SKEW  ARCHES.  By  Prof.  E.  W.  Hyde,  C.E.  Blustrated. 
Second  edition. 

No.  16.  GRAPHIC  METHOD  FOR  SOLVING  CERTAIN  QUESTIONS 
in  Arithmetic  or  Algebra.  By  Prof.  G.  L.  Vose.  Second 
edition. 

No.  17.  WATER  AND  WATER-SUPPLY.    By  Prof.  W.  H.  Corfield, 

of  the  University  College,  London.     Second  American  edition. 

No.  18.  SEWERAGE  AND  SEWAGE  PURIFICATION.  By  M.  N. 
Baker,  Associate  Editor  "Engineering  News."  Second  edition, 
revised  and  enlarged. 

No.  19.  STRENGTH  OF  BEAMS  UNDER  TRANSVERSE  LOADS. 
By  Prof.  W,  Allan,  author  of  '*  Theory  of  Arches."  Second 
edition,  revised. 

No.  30.  BRIDGE  AND  TUNNEL  CENTRES.  By  John  B.  McMaster, 
C.E.     Second  edition. 

No.  31.  SAFETY  VALVES.    By  Richard  H.  Buel,  C.E.     Third  edition. 

No.  33.  HIGH  MASONRY  DAMS.  By  E.  Sherman  Gould,  M.  Am. 
Soc.  C.  E. 

No.  33.  THE  FATIGUE  OF  METALS  UNDER  REPEATED  STRAINS. 
With  various  Tables  of  Results  and  Experiments.  From  the 
German  of  Prof.  Ludwig  Spangenburg,  with  a  Preface  by  S.  H. 
Shreve,  A.M. 

No.  34.  A  PRACTICAL  TREATISE  ON  THE  TEETH  OF  WHEELS. 
By  Prof.  S.  W.  Robinson.     2nd  edition,  revised,  with  additions. 

No.  35.  THEORY  AND  CALCULATION  OF  CANTILEVER  BRIDGES. 
By  R.  M.  WUcox. 

No.  36.  PRACTICAL  TREATISE  ON  THE  PROPERTIES  OF  CON- 

tinuous  Bridges.     By  Charles  Bender,  C.E. 

No.  37.  BOILER    INCRUSTATION    AND    CORROSION.     By    F.    J. 

Rowan.     Ne\7  edition.     Revised  and  partly  rewritten  by  F.  £. 
IdeU. 

No.  28.  TRANSMISSION  OF  POWER  BY  WIRE  ROPES.  By  Albert 
W.  Stahl,  U.S.N.    Second  edition,  revised. 

No.  29.  STEAM  INJECTORS.  THEIR  THEORY  AND  USE.  Trans- 
lated from  the  French  ot  M.  Leon  Pochet. 

No.  30.  MAGNETISM    OF    IRON    VESSELS    AND    TERRESTRIAL 

Magnetism.     By  Prof.  Fairman  Rogers. 
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Ho.  31.  THE   SAHITARY   CONDITIOIT  OF   CITY   AMD   COITIITRY 

Dwellitig-iious^.     By  George   E.    Waring,  Jr.     Second   edition, 
revised. 

Ho.  33*  CABL£-UA£mG    FOR    SUSPElfSlOH    BRIDGES.    By    W. 

HUdenbrand,  G.E. 

Ho.  33.  BIECHAJIICS  OF  VEKTILATION,    By  George  W,  Efifter,  CE, 

Second  edition,  revised. 

No*  34^  FOUHDATIOIfS,  By  Prof,  Jules  Gaudard,  C.E.  Trmns- 
latcd  from  the  French,     tieeond  edition. 

Ifp.  35*  THE  AHEROID  BAROMETER:  ITS  COHSTRUCTION  AOTJ 
Use.  Compiled  by  George  W.  PlymptotL  Ninth  editiou, 
revised  and  enlarged . 

Ho.  36,  MATTER  AND  MOTION.  By  J,  Clerk  Maxwell,  M*A.  Second 
American  edition. 

Ho,  37*  GEOGRAPHICAL    SURVEYING:     ITS    USES,    METHODS^ 

fljjd  Results.     By  Frank  De  Yeaux  Carpenter,  C*E. 

Ho.  38.  MAXIMUM  STRESSES  IK  FRAMED  BRIDGES.    By  Prof. 

William  tVm,  AM.,  C\E.     New  and  revis^ed  edition. 

No.  39*  A  HANDBOOK  OF  THE  ELECTRO^MAGNETIC  TELE- 
graph.     By  A.  E.  Loring.     Fourth  edition ^  revised. 

Ha  AQ.  TRANSMISSION  OF  POWER  BY  COMPRESSED  AHL     By 

Robert  Zaliiier,  M,E,     New  edition,  in  preas. 

No.  41*  STRENGTH    OF    MATERIALS.     By    William    Keat,    C.E., 

Assoc.  Editor  *'En^eering  News*"     Second  edition. 


H«.  42.  THEORY    OF 

Vaulted    Structures, 
thoroughly  revised. 


STEEL-COHCRETE     ARCHES,     AND     OF 

By    Prof.    Wm.    Cain.       Third     editioo. 


No,  43.  WAVE   AND    VORTEX   MOTION.     By   Dr.    Thomas   Crtig^ 
of  Johm  Hopkim  University. 

No.  44.  TURBINE  WHEELS.    By  Prof.  W.  P,  Trowbridge,  ColumbU 

College,     Second  edition.     Revised. 

Ho.   4S.  THERMO-DYNAMICS.     By    Prof.    H.    T.    Eddy^    Umverfiity 
of  Cincinnati.     New  edition,  in  presa. 

Ho.  46.  ICE-MAiQNG  MACHINES.     From  the  Frencli  of  M.  Le  Dotii;, 

Revised  by  Prof,  J.  E.  Denton,  D.  S.  Jacobus,  and  A.  Riesenberger, 
Fifth  edition,  revised. 

No.  47^  LINKAGES:     THE    DIFFERENT    FORMS   AND    USES    OF 
Articulated  Links.     By  J.  D.  C.  De  Roos. 

Ho.  48.  THEORY   OF   SOLID   AND   BRACED    ELASTIC   ARCHES 

By  William  Cain.  GE. 

Ho.  4Q.  MOTION  OF  A  SOLID  IN  A  FLUID.    By  Thomas  Craig,  Fh^lJ, 
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No,  50,  DWELUHG-HOUSES:      THEIR     SAmTARY     COlfSTRUC- 

tion  and  Arrangements,     By  Prof,  W.  H.  Corfii^ld, 

Ho.  51,  THE  TELESCOPE:    OPTICAL  PRmClPLES  IKVOLVED  JH 

the  Construction  of  Refracting  and  Reflecting  Tel<>scopes,  with 
A  new  chapter  on  the  Evolution  of  the  Modern  Telescope,  and  a 
Bibliography  to  date.  Wiih  diagrams  and  folding  plates.  By 
Thomas  Nolan.     Swond  edition,  revised  and  enlarged. 

Ho.  S3.  IMAGmARY    QUAlfTITIES:     THEIR    GEOMETRICAL    IH- 

terpretfttion.  Translated  fifom  the  French  of  M,  Argand  by 
Prof.  A.  S.  Hardy. 

Ho.  S3^  INDUCTION  COttS:  HOW  MADE  AlfB  HOW  USED, 
Eleventh    American    edit J on. 

Ifo.  54.  KIirBMATlCS  OF  MACHIlfERY.  By  Prof.  Alex,  B,  W. 
Kennedy.     With  an  introduction  by  Prof.  R.  H.  Thurston. 

Ka  SS-  SEWER  GASES:    THEIR  HATURE  AHD  ORIGIIf.     By  A. 

de  \'arona.     Second  edition,  re\'bed  and  enlarged. 

Ho.  56.  THE  ACTUAL  LATERAL  PRESSURE  OF  EARTHWORK, 

By  r*enj.  iiaker,  M.  Inst,  CE. 

Ho.  57.  IHCAHDESCEHT  ELECTRIC  LIGHTIHa  A  Practied  Be- 
acription  of  the  Ediaon  SyHtem.  By  L,  H.  Latimer.  To 
which  is  added  the  Deeign  and  Operation  of  Incandescent  Sta- 
tions, by  C.  J.  Field;  and  the  Maximum  Efficiency  of  Incandescent 
Lamps,  by  John  W.  Howell. 

Ho.  $B,  VEHTILATIOH  OF  COAL  MIHES,  By  W.  Fairley,  M,E., 
and  Clecj.  J.  Andr^. 

Ho.  5Q.  RAILROAD  ECOHOMICS;  0R|  KOTES  WITH  COMMEHTS. 
By  S.  W,  Hnbinson,  C  E. 

Ho.  60.  STRENGTH    OF    WROUGHT-IRON    BRIDGE    MEMBERS. 

By  S.  \\\  Robinson,  C.E. 

Ho.  61.  POTABLE  WATER,  AHD  METHODS  OF  DETECTIHG 
Impurities.     By  M,  N.  Baker.    Second  ed  ,  revised  imd  enlarged. 

Ho.  63.  THEORY  OF  THE  GAS-ENGIHE,  By  Don^ald  Clerk.  Third 
edition.     With  additional  matter,     Kdited  by  !■.  K.  tdoU,  M.K. 

Ho.  63.  HOUSE- DRAINAGE  AHD  SAHITARY  PLUMBING.  By  W. 
P.  (iprhani.     Tc^nth  edition. 

Ho.  64.  ELECTRO*MAGNETS,     By  A.  H.  Mansfield, 

No,  65,  POCKET  LOGARITHMS  TO  FOUR  PLACES  OF  DECIMALS. 

Including  logarithms  of  Numbers,  Hv. 

Ho.  66.  DYHAMO'ELECTRIC  MACHIHERY.  By  S.  R  Thompson. 
With  an  lntn.ductiun  by  V\  L.  Topr.     Third  edition,  rpvised. 

Ho.  67.  HYDRAULIC  TABLES  FOR  THE  CALCULATIQH  OF  THE 
Discharge  throuRh  8<»wcra,  Pip**?,  and  Conduits.  Based  on 
"Kntter'a  Formula.'^     By  P.  J.  Flyiin. 
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68.  STEAM-HEATING.      By    Rob«rt  Briggs.     Third   edition, 
vistd,  with  additioris  by  A.  R,  Wolff. 


6g.  CHEMICAL    PROBLEMS,     By    Prof,    J.    C.    Foje.     Fourth 
editioQ,  revised  and  enlarged. 

70.  EXPLOSIVE  MATERIALS.    By  Lieut  Jolin  P,  Wisser, 

71.  DYNAMIC    ELECTRICITY.    By    John    Hopkinson.    J.     A, 
Bhoolbred,  and  R.  E.  Day, 

iro.  7^.  TOPOGRAPHICAL  SURVEYING.  By  George  J.  Specht. 
Frof.  A.  S.  Hardy,  John  B,  McMaster,  and  H.  F,  WaJIing.  TUird 
edition,  revised. 

73.  SYMBOLIC   ALGEBRA;     OR,    THE   ALGEBRA   OF    ALGE* 

bralc  Kimihere.     By  Prof.  WDliam  Cain, 

74.  TESTING 
tion  and  I'se, 


No. 
N«. 
ITo. 
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No. 

No. 

No. 
No. 

No. 

No. 

No. 

No. 

No, 
No, 


MACHINES;      THEIR    HISTORY,    CONSTRUC- 

By  Arthur  V.  Abbott, 

7S.  RECENT  PROGRESS  IN  DYNAMO-ELECTRIC  MACHINES, 

Being    a    Buppiement    to    *  *  Dyn&mo-electrio    Machi^er>^"      By 
Prof,  Sylvanua  P.  Thorn  paon. 


76.  MODERN    REPRODUCTIVE    GRAPHIC    PROCESSES. 
Lieut.  James  B    Pettit,  U.S.A, 


By 


77.  STADIA    SURVEYING,     The    Theory    of    Stadia    Measure 
ments.     By  Arthur  Winslow.    Sixth  editioa 

78.  THE    STEAM*ENGINE    INDICATOR   AND    ITS    USE.      By 
W,  B,  Le  Van. 


79.  THE  FIGURE  OF  THE  EARTH.     By  Frank  C*  Roberts,  C,E. 

80.  HEALTHY  FOUNDATIONS  FOR  HOUSEa  By  Glenn 
Brown. 

gf,  WATER  METERS;  COMPARAHVE  TESTS  OF  ACCURACY, 
Delivery^  etc,  Dietiiicti%e  features  of  tlie  Worthington,  Ken- 
nedy, Siemens,  and  Hesse  inetfira.     By  Eoas  E.  Browne. 

82.  THE  PRESERVATION  OF  TIMBER  BY  THE  USE  OF  ANTI- 

septirs.     By  Samuel  Bagster  BouJton,  CM. 

83.  MECHANICAL  INTEGRATORS.  By  Prof.  Henry  S.  H. 
Shaw,  CIE. 

84.  FLOW   OF   WATER   IN   OPEN  CHANNELS,    PIPES,    CON- 

duits,  Sewers,  etc.     With  Tables.     By  P.  J.  Flynn,  C\E 

8S*  THE  LUMINIFEROUS  BTHER.     By  Prof.  De  Volson  Wood, 

86.  HANDBOOK   OF   MINERALOGY;    DETERMINATION     DE- 

gcription,  and  Classification  nf  Minerals  Found  in  the  Utiitod 
States.     By  Prof.  J.  C.  Foye.     Fifth  edition,  revifled. 


SCIENTIFIC  PUBLICATIONS.     ^ 

Ko.  87.  TREATISE  ON  THE  THEORY  OF  THE  CONSTRUCTIOH 

of  Helicoidal  Oblique  Arches.     By  John  L.  Culley,  C.E. 

No.  88.  BEAMS  AND  GIRDERS.  Practical  Formulas  for  their  Resist* 
ance.     By  P.  H.  Philbrick. 

No.  89.  MODERN   GUN   COTTON:    ITS   MANUFACTURE,   PROP- 

erties,  and  Analyses.     By  Lieut.  John  P.  Wisser,  U5.A. 

Ko.  90.  ROTARY  MOTION  AS  APPLIED   TO   THE  GYROSCOPE. 

By  Major  J.  G.  Barnard. 

No.  91.  LEVELING:  BAROMETRIC,  TRIGONOMETRIC,  AND 
Spirit.     By  Prof.  I.  O.  Baker.    Second  edition. 

No.  92.  PETROLEUM:  ITS  PRODUCTION  AND  USE.  By  Boverton 
Redwood,  F.I.C.,  F.C.S. 

No.  93.  RECENT  PRACTICE  IN  THE  SANITARY  DRAINAGE  OF 
Buildings.  With  Memoranda  on  the  Cost  of  Plumbing  Woric 
Second  edition,  revised  and  enlarged.  By  William  Paul  Ger* 
hard,  C.E. 

No.  a|.  THE   TREATMENT   OF   SEWAGE.    By   Dr.    C    Meymott 

No.  95.  PLATE-GIRDER  CONSTRUCTION.  By  Isami  Hiroi,  C.E. 
Foiuth  edition,  revised. 

No.  96.  ALTERNATE  CURRENT  IfACHINERY.  By  Gishert  Kapp, 
Assoc.  M.  Inst.,  C.E. 

No.  97.  THE  DISPOSAL  OF  HOUSEHOLD  WASTES.  By  W.  Paul 
Gerhard,  Sanitaiy  Engineer 

No.  98.  PRACTICAL  DYNAMO-BUILDING  FOR  AMATEURS.  HOW 
to  Wind  for  Any  Output.  By  Frederick  Walker.  Fully  illus* 
trated.    Third  edition. 

No.  99.  TRIPLE-EXPANSION  ENGINES  AND  ENGINE  TRIALS. 
By  Prof.  Osborne  Re3molds.  Edited  with  notes,  etc.,  by  F.  E. 
IdeU.  M.E. 

No.  100.  HOW  TO  BECOME  AN  ENGINEER;    or.  The  Theoretical 

and  Practical  Training  necessary  in  Fitting  tor  the  Duties  of 
the  Civil  Engineer.     By  Prof.  Geo.  W.  Plympton. 

No.  xox.  THE  SEXTANT,  and  Other  Reflecting  Mathematical  Instni^ 
ments.  With  Practical  Hints  for  their  Adjustment  and  Use. 
By  F.  R.  Brainard,  U.  S.  Navy. 

NoTioa.  THE    GALVANIC    CIRCXnT    INVESTIGATED     MATHE- 

matically  By  Dr.  G.  S.  Ohm,  Berlin,  1827.  Translated  by 
William  Francis.  With  Preface  and  Notes  by  the  Editor,  Thomas 
D.  Locki^'ood.  M.I.E.E. 
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Ho.  loj,  THE  MICROSCOPICAL  BXAMIMATIOH  OF  POTABLB 
WatcTt     With  rHagTMDS.     By  Geo,  W.  Rafter.     Second  edition. 

Ho,  104,  VAIT  H0STRA1TD*S  TABLE-BOOK  FOR  CIVIL  AHD  ME- 

chanical  Enginepts.     Compiled  by  Prof.  Geo.  \V.  Plympton. 

HOp  105*  DETERMINAHTS.  An  Introduction  to  tJie  Study  of,  with 
Examples  and  Applications,     By  Prof.  G.  A.  Miller 

Ho,  106.  COMPRESSED  AIR.  Bxperinienta  upon  the  Transmi^on  of 
Power  by  Ck^mpressed  Air  in  Paria*  (Popp'a  System.)  By- 
Prof.  A»  B.  W.  Kennedy.  The  Transmission  and  Distribution 
of  Power  from  Central  Statjons  by  Compressed  Air,  By  Prof, 
W,  a  Unwm.    Edited  by  F.  E.  Idell.    Thiixl  edition, 

Na  107,  A   GRAPHICAL    METHOD    FOR    SWIHG    BRIDGES,      A 

Rational  and  Easy  Graphical  Aj:ialysis  of  the  Stresses  m  Ordinary 
Swing  Bridges,  "With  an  Introduction  on  the  General  Theory 
of  Gmphicd  Statics,  with  Folding  Plates.  By  Benjamin  F. 
La  Rue, 

Ko.  108,  SLIDE-VALVE  DIAGRAMS.  A  French  Method  for  Coo- 
structing  Slide-valve  Diagrams.  By  Lloyd  Bankson,  B,S,, 
Assistant  Naval  Constructor,  U.  8.  Navy,     8  Folding  Plates, 

Ho,  lop.  THE  MEASUREMENT  OF  ELECTRIC  CURRENTa     Elco- 

trjcal  MeiiJ&uring  Inst  rum  mits.  By  James  Swinburne.  Met^ra 
for  Electrical  Energy.  By  C.  H.  Wordingham.  Edited,  with 
Preface,  by  T.  Commcrford  Martin,  With  Folding  Plate  and 
Numerous  Illustrations. 

No,  110.  TRAnSITIOlf  CURVES.  A  Field-book  for  EngineerSj  Con- 
taming  Rules  and  Tables  for  Laying  out  Transition  Cur%^es.  By 
Walter  G.  Fox,  C.E, 

Ho.  Ill,  GAS^LIGHTmG  AND  GAS^FITTIMG,  Specifications  mnd 
Rules  for  Gas- pi  ping.  Notes  on  the  Advantages  of  Gas  for 
Cooking  and  Heating,  and  Useful  Hints  to  Gas  Consumers.  Third 
edition.     By  Wm.  Paul  Gerhard,  C,E. 

Wo,  112,  A  PRIMER  OIT  THE  CALCULUS.  By  K  Sherman  Gould, 
M,  Am,  Soc  C.  E.     Third  edition,  revised  and  enlarged. 

Ho,  113.  PHYSICAL  PROBLEMS  and  Their  Solution.  By  A.  Bonr^ 
goijgnon,  formcriy  Assistant  at  Bellevue  Hf>spitat.    Seconded, 

Ho,  114.  MANUAL  OF  THE  SLIDE  RULE.  By  F.  A.  Halsey,  ol 
the  * 'American  Machinist."     Third  edition,  corrected. 

Ho.  115,  TRAVERSE  TABLE,  Showing  the  Difference  of  Lititude 
and  Departure  for  IHstances  Between  1  and  100  and  for  Angles  to 
Quarter  Degrees  Between  1  Degree  and  90  Degrees,  (Reprinted 
from  Seribner^s  Pocket  Ta^   ^  Book.) 


SCIENTIFIC  PUBLICATIONS. 

Ifo.  ji6.  WORM  AlfD  SPIRAL  GEARIirG.     Reprmtfrd  from '^  Ameri- 

can  Machinist,"     By  F.  A.  Halsey.     Second  revised  and  enlarged 
edition. 

Wq.  117*  PRACTICAL  HYDROSTATICS,  AlfD  HYDROSTATIC  FOR- 
muka.      With    Numerous    Illustrative    Flgunee  and    Numenc&l 

ExAmplee.     By  E*  Sherman  Gould. 

No.  118.  TREATMENT  OF  SEPTIC   SEWAOE,  with  Diagrams  «ad 

Figures.     By  Geo.  W.  Rafter. 

Ho.  119.  LAY-OUT   OF   CORLISS    VALVE   GEARS.     With  FoidJng 

Plates  and  Di^amsa.     By  Sanford  A.   Mosa,  MS,  Ph.D      Re- 
printed from   '^he  American   Machinist/'    with    revisions  and 

additions-     Second  edition. 

Bo.  120.  ART  OF  GENERATING  GEAR  TEETH.  Bj  Howard  A. 
Coombs.  With  Figures,  EHagrams  and  Folding  Plates.  Re- 
printed from  the  *' American  Machinist." 

No.  121.  ELEMENTS  OF  GAS  ENGINE  DESIGN.  Reprint  of  ft  Set 
of  Notc^  aoeomfianying;  a  CourMc  of  T^ecttircs*  delivered  at  Cornell 
University  in  1902.     By  Sanford  A.  Mo-sh,     Illustrated, 

No.  12  2.  SHAFT  GOVERNORS.     By  W,  Trinks  and  Cp  Houstim.    H- 

lust  rated. 

No,  125.  FURNACE  DRAFT!   ITS  PRODUCTION  BY  MECHANICAL 

Mettiod.*^*     A  Handy  Reference  Book,  with  figures  and  tables.     By 
William  Walkce  Christie.    Illustrated. 
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